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(57) Abstract 

Attenuated microorganisms are prepared by mutating one or more genes selected from sopA, sopD, sipA, or a gene from within the 
pathogenicity island SPl-5, when the microorganism is Salmonella, or one or more homologous genes which correspond to said Salmonella 
genes, when the microorganism is another enteric bacteria. In comparison with the wild-type strains, the attenuated microorganisms have 
a reduced enteropathogenicity but substantially the same invasiveness. The attenuated microorganisms can be administered as vaccines 
against infection by enteric bacteria. Polypeptides encoded by sopA, pipD, orfX, pipC, pipB and pipA genes, variants thereof, and nucleic 
acids encoding those polypeptides, are also provided. 
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1 

ATTENUATION OF BACTERIA: MATERIALS AND METHODS RELATING 
THERETO 

Field of the Invention 

5 

The present invention concerns attenuation of bacteria 
and materials and methods relating thereto. In 
particular the present invention concerns vaccines for 
Salmonella and materials and methods relation thereto. 

10 

Background to the invention 

Salmonella comprises a genus of aerobic to facultatively 
anaerobic bacteria which cause a variety of effects in 
15 mammals: diarrhoea and/or abortion in some species of 

domestic livestock and enteric fever/ food poisoning in 
humans. Some Salmonella serotypes cause predominantly 
enteric effects, others predominantly systemic effects. 

20 Salmonella infection in young and elderly people can be 

particularly debilitating or even fatal. There remains a 
need for effective vaccines which are safe to use. 

A characteristic feature of non-typhoid Salmonella 
25 infections in animals is an intense intestinal 

inflammatory and secretory response (acute inflammatory 
cell influx, fluid secretion) typical of enteritis. 
Although the precise mechanism by which non-typhoid 
salmonellae disrupt normal intestinal function and induce 
30 enteritis is not known, recent findings suggest that 

interactions between intestinal epithelial cells and the 
pathogen play a key role in mediating the inflammatory 
response (Eckman et al . , 1993; Galyov et al . , 1997; 
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McCormick et al . , 1993, 1995a, b) . It has been shown that 
enteropathogenic Salmonella strains are able to induce 
intact intestinal epithelia to recruit sub-epithelial 
neutrophils (PMNs) (McCormick et al . , 1995a, b) . This 
Salmonella mediated transepithelial signalling to PMNs 
requires adhesion of Salmonella to the epithelial apical 
membrane and is dependent on protein synthesis in both 
bacteria and eukaryotic cells (McCormick et al . , 1993, 
1995a) . Salmonella mutants defective in the function of 
a type III secretion system encoded by the inv/spa/prg 
chromosomal loci were shown to be unable to elicit 
transepithelial signalling to PMNs (McCormick et al., 
1995a, b) . In addition, the Inv/Spa secretion system of 
Salmonella is required for the ability of this pathogen 
to invade epithelial cells (for a review see Galan, 
1996) . 

The genes encoding the structural components of the 
Inv/Spa secretion system, a number of secreted proteins 
and associated regulatory proteins are clustered at 63 
centisome on the S . typhimurium chromosome. The analysis 
of these loci revealed that they constitute a 
pathogenicity island (SPI-1) , a large inserted DNA 
fragment which confers upon the host bacterium virulence 
associated functions (Mills et al . , 1995). A second 
pathogenicity island (SPI-2) , was found to encode 
components of a second type III secretion system in 
Salmonella (Ochman et al., 1996; Shea et al . , 1996). 
SPI-2 is located at 30 centisome (Shea et al., 1996). 
The genes located on the SPI-2 appear to be important for 
the development of systemic infection (Shea et al., 
1996) . Finally, a Salmonella virulence-associated locus 
at 82 centisome was recently identified as a novel 
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pathogenicity island, SPI-3. SPI-3 encodes mtgCB genes 
essential for intramacrophage survival of the pathogen 
(Blanc- Pot ard and Groisman, 1997) . 



5 A number of proteins secreted by the Inv/Spa secretion 

system have been characterised. Among them, the Sip 
proteins {Salmonella invasion proteins) , are essential 
for invasion (for a review see Galan, 1996) and play an 
important role in the translocation of Sop proteins 

10 (Salmonella outer proteins) into the target cell (Galyov 

et al., 1997; Wood et al . , 1996). The Sop proteins 
appear to have effector functions. The present inventors 
have recently characterised the SopB protein and shown 
that the translocation and intracellular activities of 

15 SopB (and possibly other Sop effector proteins) affect 

cellular responses leading to the influx of neutrophils 
into the intestinal epithelium and the induction of fluid 
secretion (Galyov et al . , 1997). The sip genes are 
constituents of SPI-1. Herein the inventors report that 

20 sopB is located on a large DNA fragment unique to the 

Salmonella chromosome and representing a new 
pathogenicity island, SPI-5 (this pathogenicity island 
has been previously referred to as SPI-4 by the present 
applicants eg in their UK Patent Application No. 

25 9804809.3 filed on 6 March 1998) inserted adjacent to the 

tRNAi 5 " (serT) gene. The structure of SPI-5 and its 
boundaries in relation to the sequence of the E.coli K-12 
genome is described herein and data is provided 
indicating that SPI-5 encoded proteins are involved in 

3 0 the enteropathogenicity of Salmonella. The SPI-5 is 

conserved in Salmonellae and maps at approximately 20 
centisome of S. typhimurium chromosome. Sequence analysis 
reveals that the sopB-containing Salmonella- specific DNA 
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fragment is flanked by DNA sequences sharing a 
significant sequence similarity with genes found in 
E.coli K-12, tRNAi^ (serT) on one side and copS/copR on 
the other. Thus, this Salmonella-specific DNA fragment 
5 has features characteristic of "pathogenicity * islands" . 

Pathogenicity islands are horizontally acquired clusters 
of genes, often inserted at tRNA loci and conferring upon 
the host bacterium certain virulence features. The 

10 present inventors have surprisingly identified a novel 

pathogenicity island, SPI-5, in S.dublin that mediates 
enteropathogenesis. Features of SPI-5 are as follows: 
SPI-5 encoded genes are necessary for the 
enteropathogenic phenotype; SPI-5 is conserved in 

15 Salmonella, but not present in the other enteric bacteria 

tested in this study; SPI-5 is located immediately 
downstream of the serT gene encoding tRNA! Ser . SPI-5 is 
also inserted between the serT and copR/copS genes. The 
copS/copR genes map at 46 centisome on the E.coli K-12 

20 chromosome / whereas the serT maps at 23 centisome. The 

acquisition of the SPI-5 may be concomitant with a 
rearrangement of the serT, copS/copR, ORF and possibly 
some other genes in the chromosome of S.dublin 2229 
compared to that of E.coli K-12. Alternatively, this 

25 region of the S.duJblin chromosome may represent a "hot 

spot" for recombination events with rearrangements of 
this area of the S.dublin chromosome occurring secondary 
to the acquisition of SPI-5 insertion-recombination 
events. 

30 

In addition to the previously characterised sopB gene, 
SPI-5 contains other genes associated with 
enteropathogenicity of S.duJblin. The putative products 
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of two of these genes, pipB and pipD, have structural 
similarities to proteins from other bacterial species. 
The observed sequence similarities are suggestive of 
functions of these SPI-5 encoded proteins. PipB is 
5 similar to HglK protein from AnaJbaena and Synechocystis 

spp. Since HglK appears to be required for localisation 
of heterocyst specific glycolipids (Black et al . , 1995), 
it is suggested that PipB has a role in glycolipid 
biogenesis. PipD is structurally similar to dipeptidases 
10 from Lactobacillus spp and is suggested to be a peptidase 

of Salmonella having its target on the surface or inside 
the host cells. 

SPI-5 was sequenced and, in addition to sopB, was found 
15 to contain five novel genes which the inventors have 

named pipA, pipB, pipC, pipD (pathogenicity island 
encoded proteins) and orfX. Each of the pipA, pipB and 
pipD genes was mutated and the enteropathogenicity of the 
mutant strains assessed in bovine ileal ligated loops. 
20 The results of the study indicate that the pipA, pipB and 

pipD genes contribute to the enteropathogenicity of 
S.dublin. 

The present inventors have also identified and 
25 characterised a previously unknown gene which they call 

sopA. Details relating to this new gene sopA are 
provided herein. In particular the present application 
provides a demonstration that sopA has translocation and 
intracellular activities which affect cellular responses 
30 leading to the influx of neutrophils into the intestinal 

epithelium and the induction of fluid secretion (akin to 
sopB) . Thus an assessment of the enteropathogenicity of 
sopA mutant S.duJblin shows that sopA contributes to 
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enteropathogenicity . 

The sopA gene locates close to the SPI-1 pathogenicity 
island which embraces the structural components of the 
5 Inv/Spa secretion system. The present application 

provides sequence information for sopA and instructions 
for its cloning and the construction of sopA mutants. 

Summary of the invention 

10 

The present invention provides attenuated strains of 
Salmonella and attenuated strains of other enteric 
bacteria which have a homologue of a Salmonella 
protein/gene discussed herein; particularly provided are 

15 attenuated strains of Salmonella, Shigella and E.coli. 

The present invention also provides prophylactic and 
therapeutic medicaments which contain as an effective 
agent one or more attenuated strains of Salmonella and 
other enteric bacteria (eg Shigella and E.coli) as hereby 

20 provided. The present invention also provides use of one 

or more attenuated strains of Salmonella and other 
enteric bacteria (eg Shigella and E.coli) as hereby 
provided in the preparation of a medicament comprising 
the attenuated strain (s) as an effective agent; the 

25 medicament being for the treatment of, or immunisation 

against, infection by Salmonella and other enteric 
bacteria (eg Shigella and E.coli) and/or for the 
treatment of, or immunisation against, infection with a 
pathogen different to the mutant pathogen employed for 

30 immunisation, nucleotide sequences for antigens of said 

different pathogen being carried and expressible by 
attenuated strains as hereby provided. On the basis of 
sequence similarity, an attenuated strain of Salmonella 



WO 99/45120 PCT/GB99/00675 

7 

as hereby provided may also be useful in relation to the 
treatment of other enteric bacteria (eg Shigella or 
E.coli) . Similarly an attenuated strain of other enteric 
bacteria (eg Shigella or E.coli) as hereby provided may 
5 also be useful in relation to the treatment of and/or 

immunisation against Salmonella and other enteric 
bacteria (eg Shigella and E.coli) . 

As stated above, the present invention provides 
10 attenuated strains of Salmonella and attenuated strains 

of some other bacteria, particularly enteric bacteria 
such as Shigella and E.coli which carry a homologue of a 
Salmonella protein/gene discussed herein .> 

15 The homologous versions in such other enteric bacteria 

will provide sites for achieving attenuation in 
accordance with the present invention. 

Homologues of a Salmonella protein/gene discussed herein 
2 0 in other enteric bacteria having at least 2 0% overall 

sequence identity may be determined in accordance with 
standard techniques and by comparative analysis of 
sequences available on public data bases. 

25 The nature of the attenuations is more fully described 

below. Briefly attenuation is effected by alterations in 
one or more genes which contribute to the 
enteropathogenicity of an. enteric bacteria eg Salmonella 
species so as to reduce the enteropathogenicity of the 

30 altered form of the bacteria eg Salmonella species in 

comparison to its wild type with or without affecting 
invasiveness. Reduction in enteropathogenicity may be 
determined by measuring intestinal secretory response 
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and/or intestinal inflammatory response (see later 
examples and Fig 4 and Fig 7) . In particular the 
attenuation in Salmonella may be effected by one or more 
alterations in one or more genes selected from sopD, 
5 sipA, sopA or a gene from within the pathogenicity island 

SPI-5 which comprises 6 genes including sopB and is 
flanked by the genes copS/copR and serT and wherein where 
there is an attenuation in the gene sopB of SPI-5 another 
said gene comprises an alteration. Attenuation in other 
10 enteric bacteria eg Shigella and E.coli may be affected 

by alteration of genes in the subject bacteria equivalent 
to the Salmonella genes discussed herein. 

Genes from within the SPI-5 pathogenicity island suitable 

15 for alteration may be selected from pipD, pipB, pipA. 

The attenuation may be effected by an alteration in the 
gene sopD. (SopD was first sequenced by Ostrowski et al . , 
see J.Biol. Chem. , 1989 264(26) pl5726-37, designated 
orf4 and identified as lying adjacent to SPI-1. No 

20 function was ascribed to sopD) . The attenuation may be 

effected by an alteration in the gene sipA. (SipA was 
first described by Kaniga et al . , see J.Bacteriol . , 1995 
177 p7078-7085 and lies within SPI-1. No function was 
ascribed to sipA) . The attenuation may be effected by an 

25 alteration in the gene sopA as provided herein. The 

attenuation may be effected by alterations in sopB and 
another gene as mentioned above. In particular the 
attenuation may be effected by alterations in sopD and 
sopB. Alterations in both sopD and sopB is particularly 

3 0 and surprisingly advantageous in the context of 

attenuation. 

The means of achieving attenuation as disclosed herein eg 
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by alteration of one or more of sipA, sopA, pipD, pipB, 
pipA, sopD, sopB reduces enteropathogenicity . A given 
strain of Salmonella may also be attenuated in accordance 
with known techniques to reduce systemic pathogenicity. 
5 For example, the attenuation of systemic pathogenesis may 

be achieved by curing of virulence plasmid (Wallis, T.S., 
et al. f 1995) or by altering one or more genes involved 
in the aromatic amino acid biosynthetic pathway (Jones, 
P.J., et al., 1991 Vaccine 9, 29-34). 

10 

A medicament comprising as an effective agent an 
attenuated strain of Salmonella or other enteric bacteria 
as discussed above may comprise, in addition, one or more 
physiologically acceptable carriers such as excipients, 

15 buffers, stabilisers, adjuvants or other materials known 

to those skilled in the art. Such materials should be 
non-toxic and should not interfere with the efficacy of 
the active ingredient. The precise nature of the carrier 
or other material will depend on the route of 

20 administration. Examples of techniques and protocols 

mentioned above can be found in Remington' s 
Pharmaceutical Sciences, 16th edition, Osol , A. (ed) , 
1980. Such a medicament may comprise one or more 
different effective agents eg the medicament may be a 

25 combination vaccine for use in relation to a variety of 

pathogens . 

Thus a said medicament may be administered alone or in 
combination with other treatments, either simultaneously 
30 or sequentially, dependent upon the condition to be 

treated. 

The medicaments of the present invention are preferably 
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given to an individual in a "prophylactically effective 
amount" or a "therapeutically effective amount" (as the 
case may be, although prophylaxis may be considered 
therapy) , this being sufficient to show benefit to the 
5 individual. The actual amount administered, and rate and 

time-course of administration, will depend on the nature 
and severity of the condition being treated. 
Prescription of treatment, eg decisions on dosage etc, is 
within the responsibility of general practitioners and 
10 other medical doctors. 

Generally, attenuated Salmonella strains and other 
enteric bacteria (eg Shigella and E.coli) according to 
the present invention are provided in an isolated and/or 

15 purified form, ie substantially pure. This may include 

being in a composition where it represents at least about 
90% active ingredient, more preferably at least about 
95%, more preferably at least about 98%. As stated 
above, however a composition may include inert carrier 

20 materials or other pharmaceutical ly and physiologically 
acceptable excipients. 

The medicament may be formulated for administration by 
injection (cutaneous, subcutaneous or intravenous) or for 
25 mucosal administration eg via the oral, rectal, nasal, or 
genital routes . 

The Salmonella genome or the genome of other enteric 
bacteria (eg Shigella and E.coli) as discussed above may 
30 itself provide the immunogen or it may contain a 

heterologous gene insert expressing an immunogenic 
protein. Thus the present invention can be employed to 
provide attenuated strains of Salmonella and other 
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enteric bacteria (eg Shigella and E.coli) for use as safe 
multivalent vaccines against a variety of foreign 
pathogens or other antigens for use in man and domestic 
animals. The attenuated strains can also be employed to 
5 provide vaccines against medical conditions such as 

cancer, by inserting a nucleotide sequence encoding a 
tumour antigen, for instance, into the genome of an 
enteric bacterium. 

10 The attenuated Salmonella may be an altered form of any 

serotype of Salmonella enterica subspecies enterica. By 
way of illustration (not limitation) the attenuated 
Salmonella may be an altered strain of Salmonella 
typhimurium, Salmonella enteritidis, Salmonella dublin or 

15 Salmonella choleraesuis . Many international culture 

collections hold suitable strains of Salmonella which may 
be altered as described herein to achieve attenuation. 
In particular Salmonella strains are available from the 
National Collection of Type Cultures, Central Public 

20 Health Lab, Collindale Av, Collindale, London NW9. For 

example: S. typhimurium NCTC 12023 (ATCC 14028), 
S. enteritidis NCTC12694 (ATCC13076) , S .dublin NCTC 9676, 
S.choleraesui$ NCTC5735 (ATCC 13312) . Salmonella dublin 
222 9 as mentioned later herein is available from the 

25 Institute for Animal Health, Compton, Newbury, Berks, 

United Kingdom RG20 7NN. 

The present inventors also provide a plurality of 
previously uncharacterised useful gene sequences. In 
30 particular they provide sopA, pipD, orfX, pipC, pipB, 

pip A sopD and sipA. 

Thus the present invention also relates to nucleic acid, 



WO 99/45120 



PCT/GB99/00675 



polypeptides, oligonucleotide probes and primers, 
diagnostic, prognostic and other materials and methods 
relating to these genes. The sequences for sopA, pipD, 
orfX, pipC, pipB and pipA are all newly provided by the 
5 present applicants (see figures 1 to 3 and 6) 

The term 'gene' or 'allele' includes normal alleles of 
the genes disclosed herein (eg sopA, pipD etc) and also 
alleles which although carrying one or more variations 

10 retain the function of the gene and polypeptide sequences 

disclosed herein. The term 'nucleic acid' includes a 
nucleic acid molecule which has a nucleotide sequence 
encoding a polypeptide which includes an amino acid 
sequence of a polypeptide as shown in figure 3/figure 6. 

15 The coding sequence may be as shown in figure 3/figure 6 

or it may be a mutant, variant, derivative or allele of a 
sequence as shown. The sequence may differ from that 
shown by a change which is one or more of addition, 
insertion, deletion and substitution of one or more 

20 nucleotides of a sequence shown. Changes to a nucleotide 

sequence may result in an amino acid change at the 
protein level, or not, as determined by the genetic code. 

Thus, nucleic acid according to the' present invention may 
25 include a sequence which although different from a 

sequence shown in figure 3/figure 6 nevertheless encodes 
a polypeptide with the same amino acid sequence as shown 
in figure 3/figure 6. 

30 On the other hand, the encoded polypeptide may comprise 

an amino acid sequence which differs by one or more amino 
acid residues from an amino acid polypeptide sequence as 
shown in figure 3/figure 6. Nucleic acid encoding a 
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polypeptide which is an amino acid sequence mutant, 
variant, derivative or allele of a polypeptide sequence 
as shown in figure 3 /figure 6 is further provided by the 
present invention. Such polypeptides are discussed 
5 below. Nucleic acid encoding such a polypeptide may show 

greater than about 2 0% homology with a coding sequence as 
shown in figure 3/figure 6, greater than about 30% 
homology, greater than about 40% homology, greater than 
about 50% homology, greater than about 60% homology, 
10 greater than about 70% homology, greater than about 80% 

homology, greater than about 90% or greater than about 
95% homology. Homologous sequences of requisite identity 
may be obtained as explained above. 

15 Thus the present invention also provides nucleic acid 

molecules representing part or all of the sopA, pipD, 
pipC, orfX, pipB or pipA gene as set out in figure 
3/figure 6 or alleles thereof. Also provided are nucleic 
acid molecules which have a nucleotide sequence encoding 

20 a sopA, pipD, pipC, orfX, pipB or pipA amino acid 

sequence set out in figure 3/figure 6. Provided are 
nucleic acid molecules which have a nucleotide sequence 
encoding a polypeptide which is a mutant, variant, 
derivative or allele of a sopA, pipD, pipC, orfX, pipB or 

25 pipA polypeptide including the amino acid sequence set 

out in figure 3/figure 6. Provided is nucleic acid 
encoding a polypeptide having a 20% or more, 30% or more, 
40% or more, 50% or more, 60% or more, 70% or more, 80% 
or more, 90% or more or 95% or more sequence homology to 

30 sopA, pipD, pipC, orfX, pipB or pipA polypeptide amino 

acid sequence set out in figure 3/figure 6. 

Provided are nucleic acid molecules which have a 
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nucleotide sequence encoding a fragment or active portion 
of a sopA, pipD, pipC, orfX, pipB or pipA polypeptide 
amino acid sequence set out in figure 3/figure 6. 

5 A nucleic acid molecule as provided may comprise a 

nucleotide sequence functioning as a promoter region. 

Generally, nucleic acid according to the present 
invention maybe provided as an isolate, in isolated 

10 and/or purified form, or free or substantially free of 

material with which it is naturally associated, such as 
free or substantially free of nucleic acid normally 
flanking the gene except possibly one or more regulatory 
sequence (s) for expression. Nucleic acid may be wholly 

15 or partially synthetic and may include genomic DNA, cDNA 

or RNA. Where nucleic acid according to the invention 
includes RNA, reference to the sequence shown should be 
construed as reference to the RNA equivalent, with U 
. substituted for T. 

20 

Nucleic acid molecules as provided may comprise a label. 
A nucleic acid molecule as provided may be for use in a 
method of medical treatment or diagnosis. 

25 Nucleic acid sequences as disclosed herein can be readily 

prepared by the skilled person using the information and 
references contained herein and techniques known in the 
art (for example, see Sambrook, Fritsch and Maniatis, 
"Molecular Cloning, A Laboratory Manual, Cold Spring 

3 0 Harbor Laboratory Press, 1989, and Ausubel et al, Short 

Protocols in Molecular Biology, John Wiley and Sons, 
1992) . These techniques include (i) the use of the 
polymerase chain reaction (PCR) to amplify samples of 
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such nucleic acid, e.g. from suitable samples comprising 
Salmonella, Shigella or E.coli, (ii) chemical synthesis, 
or (iii) preparing cDNA sequences. Modifications to the 
sequences can be made, e.g. using site directed 
5 mutagenesis, to lead to the expression of modified 

polypeptide or to take account of codon preference in the 
host cells used to express the nucleic acid. . 

In order to obtain expression of the nucleic acid 

10 sequences as provided, the sequences can be incorporated 

in a vector having control sequences operably linked to 
control its expression. The vectors may include other 
sequences such as promoters or enhancers to drive the 
expression of the inserted nucleic acid, nucleic acid 

15 sequences so that the polypeptide is produced as a fusion 

and/or nucleic acid encoding secretion signals so that 
the polypeptide produced in the host cell is secreted 
from the cell. Polypeptide can then be obtained by 
transforming the vectors into host cells in which the 

20 vector is functional, culturing the host cells so that 

the polypeptide is produced and recovering the 
polypeptide from the host cells or the surrounding 
medium. Prokaryotic and eukaryotic cells are used for 
this purpose in the art, including strains of E. coli, 

25 yeast, and eukaryotic cells such as COS or CHO cells. The 

choice of host cell can be used to control the properties 
of the polypeptide expressed in those cells, e.g. 
controlling where the polypeptide is deposited in the 
host cells or affecting properties such as its 

30 glycosylation. Thus provided are replicable vectors 

comprising a nucleic acid as hereby provided operably 
linked to control sequences to direct its expression; 
host cells transformed with such a vector; methods of 
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producing a sopA, pipD, pipC, orfX, pipB or pipA 
polypeptide comprising culturing such a host cell so that 
polypeptide is produced - the method may comprise the 
further step of recovering the polypeptide produced. 

5 

PCR techniques for the amplification of nucleic acid are 
described in US Patent No. 4,683,195. In general, such 
techniques require that sequence information from the 
ends of the target sequence is known to allow suitable 
10 forward and reverse oligonucleotide primers to be 

designed to be identical or similar to the polynucleotide 
sequence that is the target for the amplification. PCR 
comprises steps of denaturation of template nucleic acid 
(if double- stranded) , annealing of primer to target, and 
15 polymerisation. The nucleic acid probed or used as 

template in the amplification reaction may be genomic 
DNA, cDNA or RNA. PCR can be used to amplify specific 
sequences from genomic DNA, specific RNA sequences and 
cDNA transcribed from mRNA, bacteriophage or plasmid 
20 sequences. The nucleic acid sequences provided herein 

see for example figure 3 and figure 6 readily allow the 
skilled person to design PCR primers. References for the 
general use of PCR techniques include Mullis et al, Cold 
Spring Harbor Symp. Quant. Biol., 51:263, (1987), Ehrlich 
25 (ed), PCR technology, Stockton Press, NY, 1989, Ehrlich 

et al, Science, 252:1643-1650, (1991), "PCR protocols; A 
Guide to Methods and Applications", Eds. Innis et al, 
Academic Press, New York, (1990) . 

30 Also included within the scope of the invention are 

antisense oligonucleotide sequences based on the nucleic 
acid sequences described herein. Antisense 
oligonucleotides may be designed to hybridise to the 
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complementary sequence of nucleic acid, pre-mRNA or 
mature mRNA, interfering with the production of 
polypeptide encoded by a given DNA sequence (e.g. either 
native polypeptide or a mutant form thereof) , so that its 
5 expression is reduced or prevented altogether. The 

construction of antisense sequences and their use is 
described in Peyman and Ulman, Chemical Reviews, 90:543- 
584, (1990), Crooke, Ann. Rev. Pharmacol. Toxicol., 
32:329-376, (1992), and Zamecnik and Stephenson, P.N.A.S, 
10 75:280-284, (1974) . 

The nucleic acid sequences provided in figure 3 and 
figure 6 are useful for identifying nucleic acid of 
interest (and which may be according to the present 
15 invention) in a test sample. The present invention 

provides a method of obtaining nucleic acid of interest, 
the method including hybridisation of a probe having a - 
sequence shown in figure 3 or figure 6 or a complementary 
sequence thereto to target nucleic acid. 

20 

Hybridisation is generally followed by identification of 
successful hybridisation and isolation of nucleic acid 
which has hybridised to the probe, which may involve one 
or more steps of PCR. 

25 

Thus nucleic acid according to the present invention is 
obtainable using one or more oligonucleotide probes or 
primers designed to hybridise with one or more fragments 
of the nucleic acid sequence shown in figure 3 or figure 
30 6, particularly fragments of relatively rare sequence, 

based on codon usage or statistical analysis. A primer 
designed to hybridise with a fragment of the nucleic acid 
sequence shown, may be used in conjunction with one or 
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more oligonucleotides designed to hybridise to a sequence 
in a cloning vector within which target nucleic acid has 
been cloned, or in so-called "RACE" (rapid amplification 
of cDNA ends) in which cDNA's in a library are ligated to 
5 an oligonucleotide linker and PCR is performed using a 

primer which hybridises with the sequence shown in figure 
3 or figure 6 and a primer which hybridises to the 
oligonucleotide linker. 

The conditions of the hybridisation can be controlled to 
minimise non-specific binding, and preferably stringent 
to moderately stringent hybridisation conditions are 
preferred. The skilled person is readily able to design 
such probes, label them and devise suitable conditions 
for the hybridisation reactions, assisted by textbooks 
such as Sambrook et al (1989) and Ausubel et al (1992) . 



10 



15 



Binding of a probe to target nucleic acid (e.g. DNA) may 
be measured using any of a variety of techniques at the 

20 disposal of those skilled in the art. For instance, 

probes may be radioactively , f luorescently or 
enzymatically labelled. Other methods not employing 
labelling of probe include examination of restriction 
fragment length polymorphisms, amplification using PCR, 

25 RNAase cleavage and allele specific oligonucleotide 

probing . 

Probing may employ the standard Southern blotting 
technique. For instance nucleic acid material may be 
30 extracted from cells and digested with different 

restriction enzymes. Restriction fragments may then be 
separated by electrophoresis on an agarose gel, before 
denaturation and transfer to a nitrocellulose filter. 



WO 99/45120 



PCT/GB99/00675 



19 

Labelled probe may be hybridised to the DNA fragments on 
the filter and binding determined. 

Preliminary experiments may be performed by hybridising 
5 under low stringency conditions various probes to 

Southern blots of DNA digested with restriction enzymes. 
Suitable conditions would be achieved when a large number 
of hybridising fragments were obtained while the 
background hybridisation was low. 

10 

Those skilled in the art are well able to employ suitable 
conditions of the desired stringency for selective 
hybridisation, taking into account factors such as 
oligonucleotide length and base composition, temperature 
15 and so on. 

On the basis of amino acid sequence information, 
oligonucleotide probes or primers may be designed, taking 
into account the degeneracy of the genetic code, and, 

20 where appropriate, codon usage of the organism from the 
candidate nucleic acid is derived. An oligonucleotide 
for use in nucleic acid amplification may have about 10 
or fewer codons (e.g. 6, 7 or 8) , i.e. be about 30 or 
fewer nucleotides in length (e.g. 18, 21 or 24). 

25 Generally specific primers are upwards of 14 nucleotides 
in length, but not more than 18-20. Those skilled in the 
art are well versed in the design of primers for use 
processes such as PCR. 

30 A further aspect of the present invention provides an 

oligonucleotide or polynucleotide fragment of a 
nucleotide sequence shown in figure 3 or figure 6 or a 
complementary sequence, in particular for use in a method 
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of obtaining and/or screening nucleic acid. The 
sequences referred to above may be modified by addition, 
substitution, insertion or deletion of one or more 
nucleotides, but preferably without abolition of ability 
5 to hybridise selectively with nucleic acid with a 

sequence shown in figure 3 or figure 6, that is wherein 
the degree of homology of the oligonucleotide or 
polynucleotide with one of the sequences given is 
sufficiently high. 

10 

Thus also provided are methods of identifying a target 
nucleic acid molecule in a test sample using a nucleic 
acid probe having all or a portion of a sequence shown in 
figure 3 or figure 6 or a complementary sequence thereof, 
15 the method comprising contacting the probe and the test 

sample under hybridising conditions and observing whether 
hybridisation takes place. The probe may be used to 
identify a sopA, pipD, pipC, orfX, pipB or pipA nucleic 
acid sequence or a mutant allele thereof. 

20 

Such probes may be used to identify the presence in the 
test sample of Salmonella, and other enteric bacteria (eg 
Shigella and E.coli) . 



25 Oligonucleotides according to the present invention that 

are fragments of any of the sequences shown in figure 3 
or figure 6 are at least about 10 nucleotides in length, 
more preferably at least about 15 nucleotides in length, 
more preferably at least about 20 nucleotides in length. 

30 Such fragments themselves individually represent aspects 

of the present invention. Fragments and other 
oligonucleotides may be used as primers or probes as 
discussed but may also be generated (e.g. by PCR) in 
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methods concerned with determining the presence in a test 
sample of a sequence indicative of Salmonella, and other 
enteric bacteria (eg Shigella and E.coli) . 

5 Methods involving use of nucleic acid in diagnostic 

and/or prognostic contexts, for instance in determining 
infection with Salmonella, and other enteric bacteria (eg 
Shigella and E.coli) and other methods concerned with 
determining the presence of sequences indicative of such 
10 infection are discussed below. 

Nucleic acid according to the present invention, such as 
a full-length coding sequence or oligonucleotide probe or 
primer, may be provided as part of a kit, e.g. in a 
suitable container such as a vial in which the contents 
are protected from the external environment . The kit may 
include instructions for use of the nucleic acid, e.g. in 
PCR and/or a method for determining the presence of 
nucleic acid of interest in a test sample. A kit wherein 
the nucleic acid is intended for use in PCR may include 
one or more other reagents required for the reaction, 
such as polymerase, nucleosides, buffer solution etc. 
The nucleic acid may be labelled. A kit for use in 
determining the presence or absence of nucleic acid of 
interest may include one or more articles and/or reagents 
for performance of the method, such as means for 
providing the test sample itself, e.g. a swab or a 
syringe (such components generally being sterile) . 

30 A convenient way of producing a polypeptide as disclosed 

herein is to express nucleic acid encoding it, by use of 
the nucleic acid in an expression system. The use of 
expression system has reached an advanced degree of 



15 



20 



25 
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sophistication today. 

Accordingly, the present invention also encompasses a 
method of making a polypeptide (as disclosed; see below) , 
5 the method including expression from nucleic acid 

(generally nucleic acid according to the invention) 
encoding the polypeptide. This may conveniently be 
achieved by growing a host cell in culture, containing 
such a vector, under appropriate conditions which cause 
10 or allow expression of the polypeptide. Polypeptides may 

also be expressed in in vitro systems, such as 
reticulocyte lysate. 

Systems for cloning and expression of a polypeptide in a 
15 variety of different host cells are well known. Suitable 

host cells include bacteria, eukaryotic cells such as 
mammalian and yeast, and baculovirus systems. Mammalian 
cell lines available in the art for expression of a 
heterologous polypeptide include Chinese hamster ovary 
20 cells, HeLa cells, baby hamster kidney cells, COS cells 

and many others. A common, preferred bacterial host is 
E. coli. 

Suitable vectors can be chosen or constructed, containing 
25 appropriate regulatory sequences, including promoter 

sequences, terminator fragments, polyadenylation 
sequences, enhancer sequences, marker genes and other 
sequences as appropriate. Vectors may be plasmids, viral 
e.g. 1 phage, or phagemid, as appropriate. For further 
30 details see, for example, Molecular Cloning: a Laboratory 

Manual: 2nd edition, Sambrook et al . , 1989, Cold Spring 
Harbor Laboratory Press. Many known techniques and 
protocols for manipulation of nucleic acid, for example 
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in preparation of nucleic acid constructs, mutagenesis, 
sequencing, introduction of DNA into cells and gene 
expression, and analysis of proteins, are described in 
detail in Current Protocols in Molecular Biology, Ausubel 
5 et al. eds., John Wiley & Sons, 1992. 

Thus the present invention provides vectors and host 
cells containing nucleic acid as disclosed herein. The 
nucleic acid of the invention may be integrated into the 
10 genome (e.g. chromosome) of a host cell. Integration may 

be promoted by inclusion of sequences which promote 
recombination with the genome, in accordance with 
standard techniques. The nucleic acid may be on an 
extra -chromosomal vector within the cell. 

15 

A still further aspect provides a method which includes 
introducing the nucleic acid into a host cell. The 
introduction, which may (particularly for in vitro 
introduction) be generally referred to without limitation 

20 as " trans format ion" , may employ any available technique. 

For eukaryotic cells, suitable techniques may include 
calcium phosphate transf ection, DEAE-Dextran, 
electroporation, liposome -mediated transfection and 
transduction using retrovirus or other virus, e.g. 

25 vaccinia or, for insect cells, baculovirus. For 

bacterial cells, suitable techniques may include calcium 
chloride transformation, electroporation and transfection 
using bacteriophage. As an alternative, direct injection 
of the nucleic acid could be employed. 

30 

Marker genes such as antibiotic resistance or sensitivity 
genes may be used in identifying clones containing 
nucleic acid of interest, as is well known in the art. 
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The introduction may be followed by causing or allowing 
expression from the nucleic acid, e.g. by culturing host 
cells (which may include cells actually transformed 
although more likely the cells will be descendants of the 
5 transformed cells) under conditions for expression of the 

gene, so that the encoded polypeptide is produced. If 
the polypeptide is expressed coupled to an appropriate 
signal leader peptide it may be secreted from the cell 
into the culture medium. Following production by 

10 expression, a polypeptide may be isolated and/or purified 

from the host cell and/or culture medium, as the case may 
be, and subsequently used as desired, e.g. in the 
formulation of a composition which may include one or 
more additional components, such as a pharmaceutical 

15 composition which includes one or more pharmaceutical ly 

acceptable excipients, vehicles or carriers (e.g. see 
below) . 

A host cell containing nucleic acid according to the 
20 present invention, e.g. as a result of introduction of 

the nucleic acid into the cell or into an ancestor of the 
cell and/or genetic alteration of the sequence endogenous 
to the cell or ancestor (which introduction or alteration 
may take place in vivo or ex vivo) , may be comprised 
25 (e.g. in the soma) within an organism which is an animal. 

Instead of or as well as being used for the production of 
a polypeptide encoded by a transgene, host cells may be 
used as a nucleic acid factory to replicate the nucleic 
30 acid of interest in order to generate large amounts of 

it. Multiple copies of nucleic acid of interest may be 
made within a cell when coupled to an amplifiable gene 
such as DHFR. Host cells transformed with nucleic acid 
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of interest, or which are descended from host cells into 
which nucleic acid was introduced, may be cultured under 
suitable conditions, e.g. in a fermenter, taken from the 
culture and subjected to processing to purify the nucleic 
5 acid. Following purification, the nucleic acid or one or 

more fragments thereof may be used as desired, for 
instance in a diagnostic or prognostic assay as discussed 
elsewhere herein. 

10 The skilled person can use the techniques described 

herein and others well known in the art to produce large 
amounts of the sopA, pipD, orfX, pipC, pipB and pipA 
polypeptide, or fragments or active portions thereof, for 
use as pharmaceuticals, in the developments of vaccines 

15 and for further study into its properties and role in 

vivo. 

A further aspect of the present invention provides a 
polypeptide which has an amino acid sequence shown in 
20 figure 3 or figure 6, which may be in isolated and/or 

purified form, free or substantially free of material 
with which it is naturally associated.. 

Thus the present invention also provides a substance 
25 which is a sopA, pipD, pipC, orfX, pipB or pipA 

polypeptide encoded by a nucleic acid molecule as stated 
above. Also provided is a substance which is a sopA, 
pipD, pipC, orfX, pipB or pipA polypeptide including the 
amino acid sequence set out in figure 3 or figure 6. 
30 Also provided is a substance which is a polypeptide 

having 20% or more, 30% or more, 40% or more, 50% or 
more, or 60% or more, 70% or more, 80% or more, 90% or 
more or 95% or more sequence homology to a sopA, pipD, 



WO 99/45120 



PCT/GB99/00675 



26 

pipC, orfX, pipB or pipA polypeptide including an amino 
acid sequence set out in figure 3 or figure 6. Also 
provided is a substance which is a polypeptide mutant, 
variant, derivative or allele of a sopA, pipD, pipC, 
5 orfX, pipB or pipA polypeptide as set out in figure 3 or 

figure 6. A polypeptide which is a variant, allele, 
derivative or mutant may have an amino acid sequence 
which differs from that given in figure 3 or figure 6 by 
one or more of addition, substitution, deletion and 

10 insertion of one or more amino acids. Preferred such 

polypeptides have a function broadly equivalent to the 
native polypeptides, that is to say have one or more of 
the following properties: immunological cross -reactivity 
with an antibody reactive with a polypeptide for which 

15 the sequence is given in figure 3 or figure 6; sharing an 

epitope with a polypeptide for which the amino acid 
sequence is shown in figure 3 or figure 6 (as determined 
for example by immunological cross-reactivity between the 
two polypeptides) . 

20 

A polypeptide which is an amino acid sequence variant, 
allele, derivative or mutant of an amino acid sequence 
shown in figure 3 or figure 6 may comprise an amino acid 
sequence which shares greater than about 20% sequence 

25 identity, greater than about 30%, greater than about 40%, 

greater than about 50%, greater than about 60%, greater 
than about 70%, greater than about 80%, greater than 
about 90% or greater than about 95%. The sequence may 
share greater than about 50% similarity, greater than 

30 about 60% greater than about 70% similarity, greater than 

about 80% similarity or greater than about 90% similarity 
with an amino acid sequence shown in figure 3 or figure 
6. Particular amino acid sequence variants may differ 
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from those shown in figure 3 or figure 6 by insertion, 
addition, substitution or deletion of 1 amino acid, 2, 3, 
4, 5-10, 10-20 20-30, 30-50, 50-100, 100-150, or more 
than 150 amino acids. 

5 

The present invention also includes active portions, 
fragments, derivatives and functional mimetics of the 
polypeptides provided herein. 

10 An "active portion" of a sopA, pipD, orfX, pipC, pipB and 

pipA polypeptide means a peptide which is less than the 
full length polypeptide, but which retains its essential 
biological activity. A "fragment" of the polypeptide 
means a stretch of amino acid residues of at least about 

15 five to seven contiguous amino acids, often at least 

about seven to nine contiguous amino acids, typically at 
least about nine to 13 contiguous amino acids and, most 
preferably, at least about 20 to 3 0 or more contiguous 
amino acids. Fragments may comprise the antigenic 

20 determinants or epitopes characteristic of the wild-type 

full length polypeptide which are useful for raising 
antibodies . 

A "derivative" of the polypeptide or a fragment thereof 
25 means a polypeptide modified by varying the amino acid 

sequence of the protein, e.g. by manipulation of the 
nucleic acid encoding the protein or by altering the 
protein itself. Such derivatives of the natural amino 
acid sequence may involve insertion, addition, deletion 
30 or substitution of one or more amino acids, without 

fundamentally altering the essential activity of the wild 
type polypeptide. 
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Thus provided are substances which are fragments or 
active portions or functional mimetics of a sopA, pipD, 
pipC, orfX, pipB or pipA polypeptide including an amino 
acid sequence of figure 3 or figure 6. 

5 

"Functional mimetic" means a substance which may not 
contain an active portion of the native amino acid 
sequence, and probably is not a peptide at all, but which 
retains the essential biological activity of natural 
10 polypeptide. The design and screening of candidate 

mimetics is described in detail below. 



A polypeptide according to the present invention may be 
isolated and/or purified (e.g. using an antibody) for 

15 instance after production by expression from encoding 

nucleic acid. Polypeptides according to the present 
invention may also be generated wholly or partly by 
chemical synthesis using the sequence information 
provided. The isolated and/or purified polypeptide may 

20 be used in formulation of a composition, which may 

include at least one additional component, for example a 
vaccine composition including a pharmaceutical^ 
acceptable excipient, vehicle or carrier. A composition 
including a polypeptide according to the invention may be ' 

25 used in prophylactic and/or therapeutic treatment as 

discussed herein. 



A polypeptide, peptide fragment, allele, mutant or 
variant according to the present invention may be used as 
30 an immunogen or otherwise in obtaining antibodies that 

have the property of specifically binding to the 
polypeptides, fragments, alleles, mutants, variants or 
active portions thereof. Antibodies are useful in 
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peptides, diagnostic screening and therapeutic contexts. 
This is discussed further herein. 

5 A polypeptide according to the present invention may be 

used in screening for molecules which affect or modulate 
its activity or function. Such molecules may be useful 
in a therapeutic context. 

10 The production of monoclonal antibodies is well 

established in the art. Monoclonal antibodies can be 
subjected to the techniques of recombinant DNA technology 
to produce other antibodies or chimeric molecules which 
retain the specificity of the original antibody. Such 

15 techniques may involve introducing DNA encoding the 

immunoglobulin variable region, or the complementarity 
determining regions (CDRs) , of an antibody to the 
constant regions, or constant regions plus framework 
regions, of a different immunoglobulin. See, for 

20 instance, EP-A-184187, GB-A-2188638 or EP-A-239400. A 

hybridoma producing a monoclonal antibody may be subject 
to genetic mutation or other changes, which may or may 
not alter the binding specificity of antibodies produced. 

25 The provision of the novel polypeptides enables for the 

first time the production of antibodies able to bind 
specifically to them. Accordingly, a further aspect of 
the present invention provides an antibody able to bind 
specifically to a polypeptide as hereby provided eg a 

30 polypeptide whose sequence is given in figure 3. Such an 

antibody may be specific in the sense of being able to 
distinguish between the polypeptide it is able to bind 
and other polypeptides for which it has no or 
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substantially no binding affinity (e.g. a binding 
affinity of about lOOOx worse) . Specific antibodies bind 
an epitope on the molecule which is either not present or 
is not accessible, on other molecules. Antibodies 
5 according to the present invention may be specific for 

the wild- type polypeptide. Antibodies according to the 
invention may be specific for a particular mutant, 
variant, allele or derivative polypeptide as between that 
molecule and the wild- type polypeptide, so as to be 
10 useful in diagnostic and prognostic methods. Antibodies 

are also useful in purifying the polypeptide or 
polypeptides to which they bind, e.g. following 
production by recombinant expression from encoding 
nucleic acid. 

15 

Thus provided are antibodies capable of specifically 
binding to a sopA, pipD, pipC, orfX, pipB or pipA 
polypeptide as above. Antibodies may be labelled. They 
may be used to determine the presence, amount or location 
20 in a sample of the polypeptides above or Salmonella, and 

other enteric bacteria (eg Shigella and E.coli) . 

Preferred antibodies according to the invention are 
isolated, in the sense of being free from contaminants 
25 such as antibodies able to bind other non-related 

polypeptides and/or free of serum components. Monoclonal 
antibodies are preferred for some purposes, though 
polyclonal antibodies are within the scope of the present 
invention. 

30 

Antibodies may be obtained using techniques which are 
standard in the art. Methods of producing antibodies 
include immunising a mammal (e.g. mouse, rat, rabbit, 
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fragment thereof. Antibodies may be obtained from 
immunised animals using any of a variety of techniques 
known in the art, and screened, preferably using binding 
5 of antibody to antigen of interest. For instance, 

Western blotting techniques or immunoprecipitation may be 
used (Armitage et al, Nature, 357:80-82, 1992). 
Isolation of antibodies and/or antibody-producing cells 
from an animal may be accompanied by a step of 
10 sacrificing the animal. 

As an alternative or supplement to immunising a mammal 
with a peptide, an antibody specific for a protein may be 
obtained from a recombinantly produced library of 

15 expressed immunoglobulin variable domains, e.g. using 

lambda bacteriophage or filamentous bacteriophage which 
display functional immunoglobulin binding domains on 
their surfaces; for instance see WO92/01047. The library 
may be naive, that is constructed from sequences obtained 

20 from an organism which has not been immunised with any of 

the proteins (or fragments) , or may be one constructed 
using sequences obtained from an organism which has been 
exposed to the antigen of interest. 

25 Antibodies according to the present invention may be 

modified in a number of ways. Indeed the term "antibody" 
should be construed as covering any binding substance 
having a binding domain with the required specificity. 
Thus the invention covers antibody fragments, 

30 derivatives, functional equivalents and homologues of 

antibodies, including synthetic molecules and molecules 
whose shape mimics that of an antibody enabling it to 
bind an antigen or epitope. 
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Example antibody fragments, capable of binding an antigen 
or other binding partner are the Fab fragment consisting 
of the VL, VH, Cl and CHI domains; the Fd fragment 
consisting of the VH and CHI domains; the Fv fragment 
5 consisting of the VL and VH domains of a single arm of an 

antibody; the dAb fragment which consists of a VH domain; 
isolated CDR regions and F(ab ! )2 fragments, a bivalent 
fragment including two Fab fragments linked by a 
disulphide bridge at the hinge region. Single chain Fv 
10 fragments are also included. 

Humanised antibodies in which CDRs from a non-human 
source are grafted onto human framework regions, 
typically with the alteration of some of the framework 
15 amino acid residues, to provide antibodies which are less 

immunogenic than the parent non-human antibodies, are 
also included within the present invention 

A hybridoma producing a monoclonal antibody according to 
20 the present invention may be subject to genetic mutation 

or other changes. It will further be understood by those 
skilled in the art that a monoclonal antibody can be 
subjected to the techniques of recombinant DNA technology 
to produce other antibodies or chimeric molecules which 
25 retain the specificity of the original antibody. Such 

techniques may involve introducing DNA encoding the 
immunoglobulin variable region, or the complementarity 
determining regions (CDRs) , of an antibody to the 
constant regions, or constant regions plus framework 
30 regions, of a different immunoglobulin. See, for 

instance, EP-A-184187, GB-A-2188638 or EP-A-0239400 . 
Cloning and expression of chimeric antibodies are 
described in EP-A-0120694 and EP-A-0125023 . 
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Hybridomas capable of producing antibody with desired 
binding characteristics are within the scope of the 
present invention, as are host cells, eukaryotic or 
prokaryotic, containing nucleic acid encoding antibodies 
5 (including antibody fragments) and capable of "their 

expression. The invention also provides methods of 
production of the antibodies including growing a cell 
capable of producing the antibody under conditions in 
which the antibody is produced, and preferably secreted. 

10 

The reactivities of antibodies on a sample may be 
determined by any appropriate means. 'Tagging with 
individual reporter molecules is one possibility. The 
reporter molecules may directly or indirectly generate 

15 detectable, and preferably measurable, signals. The 

linkage of reporter molecules may be directly or 
indirectly, covalently, e.g. via a peptide bond or non- 
covalently. Linkage via a peptide bond may be as a 
result of recombinant expression of a gene fusion 

20 encoding antibody and reporter molecule. 

One favoured mode is by covalent linkage of each antibody 
with an individual f luorochrome, phosphor or laser dye 
with spectrally isolated absorption or emission 
25 characteristics. Suitable f luorochromes include 

fluorescein, rhodamine, phycoerythrin and Texas Red. 
Suitable chromogenic dyes include diaminobenzidine . 

Other reporters include macromolecular colloidal 
3 0 particles or particulate material such as latex beads 

that are coloured, magnetic or paramagnetic, and 
biologically or chemically active agents that can 
directly or indirectly cause detectable signals to be 
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visually observed, electronically detected or otherwise 
recorded. These molecules may be enzymes which catalyse 
reactions that develop or change colours or cause changes 
in electrical properties, for example. They may be 
5 molecularly excitable, such that electronic transitions 

between energy states result in characteristic spectral 
absorptions or emissions. -They may include chemical 
entities used in conjunction with biosensors. 
Biotin/avidin or biotin/streptavidin and alkaline 
10 phosphatase detection systems may be employed. 

The mode of determining binding is not a feature of the 
present invention and those skilled in the art are able 
to choose a suitable mode according to their preference 
15 and general knowledge. 

Antibodies according to the present invention may be used 
in screening for the' presence of a polypeptide according 
to the present invention, for example in a test sample 

20 containing cells or cell lysate as discussed, and may be 

used in purifying and/or isolating a polypeptide 
according to the present invention, for instance 
following production of the polypeptide by expression 
from encoding nucleic acid therefor. Antibodies may 

25 modulate the activity of the polypeptide to which they 

bind and so, if that polypeptide has a deleterious effect 
in an individual, may be useful in a therapeutic context 
(which may include prophylaxis) . 

30 An antibody may be provided in a kit, which may include 

instructions for use of the antibody, e.g. in determining 
the presence of a particular substance in a test sample. 
One or more other reagents may be included, such as 
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labelling molecules, buffer solutions, elutants and so 
on. Reagents may be provided within containers which 
protect them from the external environment, such as a 
sealed vial . 

5 

A number of methods are known in the art for analysing 
biological samples from individuals to determine whether 
the individual carry an undesirable bacterial species 
such as Salmonella, and other enteric bacteria (eg 
10 Shigella and E.coli) . 

Broadly, the methods divide into those screening for the 
presence of nucleic acid sequences characteristic of the 
virus and those that rely on detecting the presence or 
15 absence of polypeptide or characteristic antibody 

thereto. The methods make use of biological samples from 
individuals that are suspected of contain the nucleic 
acid sequences or polypeptide. Examples of biological 
samples include blood, plasma, serum, tissue samples. 

20 

In most screening methods based on analysis of nucleic 
acid, nucleic acid in the sample will initially be 
amplified, e.g. using PCR, to increase the amount of the 
analyte as compared to other sequences present in the 
25 sample. This allows the target sequences to be detected 

with a high degree of sensitivity if they are present in 
the sample. This initial step may be avoided by using 
highly sensitive array techniques that are becoming 
increasingly important in the art. 

30 

There are various methods for determining the presence or 
absence in a test sample of a particular polypeptide, 
such as a polypeptide with an amino acid sequence shown 
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in figure 3 or figure 6, or an amino acid sequence 
mutant, variant or allele thereof. 



A sample may be tested for the presence of a binding 
5 partner for a specific binding member such as an antibody 

(or mixture of antibodies) , specific for one or more 
particular variants of a polypeptide shown in figure 3 or 
figure 6. 

10 A sample may be tested for the presence of a binding 

partner for a specific binding member such as an antibody 
(or mixture of antibodies) , specific for a polypeptide 
shown in figure 3 or figure 6. 

15 In such cases, the sample may be tested by being 

contacted with a specific binding member such as an 
antibody under appropriate conditions for specific 
binding, before binding is determined, for instance using 
a reporter system. Where a panel of antibodies is used/ 

2 0 different reporting labels may be employed for each 

antibody so that binding of each can be determined. 

A specific binding member such as an antibody may be used 
to isolate and/or purify its binding partner polypeptide 

25 from a test sample, to allow for sequence and/or 

biochemical analysis of the polypeptide to determine 
whether it has the sequence and/or properties of a 
polypeptide whose sequence is shown in figure 3 or figure 
6, or if it is a mutant or variant form thereof. Amino 

30 acid sequence is routine in the art using automated 

sequencing machines . 

There is also an increasing tendency in the diagnostic 
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field towards miniaturisation of such assays, e.g. making 
use of binding agents (such as antibodies or nucleic acid 
sequences) immobilised in small, discrete locations 
(microspots) and/or as arrays on solid supports or on 
5 diagnostic chips. These approaches can be particularly 

valuable as they can provide great sensitivity 
(particularly through the use of fluorescent labelled 
reagents) , require only very small amounts of biological 
sample from individuals being tested and allow a variety 

10 of separate assays can be carried out simultaneously. 

Examples of techniques enabling this miniaturised 
technology are provided in WO84/01031, WO88/1058, 
WO89/01157, W093/8472, W095/18376/ W095/18377, W095/24649 
and EP-A-0373203 . Thus, in a further aspect, the present 

15 invention provides a kit comprising a support or 

diagnostic chip having immobilised thereon one or more 
binding agents capable of specifically binding nucleic 
acid as provided herein optionally in combination with 
other reagents (such as labelled developing reagents) 

20 needed to carrying out an assay. 

The mutant bacteria, polypeptides, antibodies, peptides 
and nucleic acid of the invention can be formulated in 
pharmaceutical compositions for the prevention or 

25 treatment of infection by Salmonella, and other enteric 

bacteria (eg Shigella and E.coli) . For vaccine use the 
gene products (wild type or genetically 
modified/detoxified) can be overexpressed in an 
attenuated carrier strain. Thus also provided are 

30 pharmaceutical compositions. These compositions may 

comprise, in addition to one of the above substances, a 
pharmaceutically acceptable excipient, carrier, buffer, 
stabiliser or other materials well known to those skilled 
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in the art. Such materials should be non-toxic and 
should not interfere with the efficacy of the active 
ingredient. The precise nature of the carrier or other 
material may depend on the route of administration, e.g. 
5 oral, intravenous, cutaneous or subcutaneous, nasal, 

intramuscular, intraperitoneal routes . 

Pharmaceutical compositions for oral administration may 
be in tablet, capsule, powder or liquid form. A tablet 
may include a solid carrier such as gelatin or an 
adjuvant. Liquid pharmaceutical compositions generally 
include a liquid carrier such as water, petroleum, animal 
or vegetable oils, mineral oil or synthetic oil. 
Physiological saline solution, dextrose or other 
saccharide solution or glycols such as ethylene glycol, 
propylene glycol or polyethylene glycol may be included. 



10 



15 " 



For intravenous, cutaneous or subcutaneous injection, the 
active ingredient will be in the form of a parenterally 

20 acceptable aqueous solution which is pyrogen- free and has 

suitable pH, isotonicity and stability. Those of 
relevant skill in the art are well able to prepare 
suitable solutions using, for example, isotonic vehicles 
such as Sodium Chloride Injection, Ringer's Injection, 

25 Lactated Ringer's Injection. Preservatives, stabilisers, 

buffers, antioxidants and/or other additives may be 
included, as required. 

Whether it is a mutant bacterium, polypeptide, antibody, 
3 0 peptide, nucleic acid molecule, small molecule or other 

pharmaceutical ly useful compound according to the present 
invention that is to be given to an individual, 
administration is preferably in a "prophylactically 
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effective amount" or a "therapeutically effective amount" 
(as the case may be, although prophylaxis may be 
considered therapy) , this being sufficient to show 
benefit to the individual. The actual amount 
5 administered, and rate and time-course of administration, 

will depend on the nature and severity of what is being 
treated. Prescription of treatment, e.g. decisions on 
dosage etc, is within the responsibility of general 
practitioners and other medical doctors, and typically 

10 takes account of the disorder to be treated, the 

condition of the individual patient, the site of 
delivery, the method of administration and other factors 
known to practitioners. Examples of the techniques and 
protocols mentioned above can be found in Remington's 

15 Pharmaceutical Sciences, 16th edition, Osol, A. (ed) , 

1980. 

A polypeptide according to the present invention may be 
used in screening for molecules which affect or modulate 
20 its activity or function. Such molecules may be useful 

in a therapeutic (possibly including prophylactic) 
context . 

It is well known that pharmaceutical research leading to 
25 the identification of a new drug may involve the 

screening of very large numbers of candidate substances, 
both before and even after a lead compound has been 
found. This is one factor which makes pharmaceutical 
research very expensive and time-consuming. Means for 
30 assisting in the screening process can have .considerable 

commercial importance and utility. Such means for 
screening for substances potentially useful in treating 
infection by Salmonella, and other enteric bacteria (eg 
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Shigella and E.coli) is provided by polypeptides 
according to the present invention. Substances 
identified as modulators of the polypeptide will provide 
basis for design and investigation of therapeutics for in 
5 vivo use. 

A method of screening for a substance which modulates 
activity of a polypeptide may include contacting one or 
more test substances with the polypeptide in a suitable 

10 reaction medium, testing the activity of the treated 

polypeptide and comparing that activity with the activity 
of the polypeptide in comparable reaction medium 
untreated with the test substance or substances. A 
difference in activity between the treated and untreated 

15 polypeptides is indicative of a modulating effect of the 

relevant test substance or substances. 

Combinatorial library technology provides an efficient 
way of testing a potentially vast number of different 
20 substances for ability to modulate activity of a 

polypeptide. Such libraries and their use are known in 
the art. The use of peptide libraries is preferred. 

Prior to or as well as being screened for modulation of 
25 activity, test substances may be screened for ability to 

interact with the polypeptide, e.g. in a yeast two-hybrid 
system (which requires that both the polypeptide and the 
test substance can be expressed in yeast from encoding 
nucleic acid) . This may be used as a coarse screen prior 
3 0 to testing a substance for actual ability to modulate 

activity of the polypeptide. 

Following identification of a substance which modulates 
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or affects polypeptide activity, the substance may be 
investigated further. Furthermore, it may be 
manufactured and/or used in preparation, i.e. manufacture 
or formulation, of a composition such as a medicament, 
5 pharmaceutical composition or drug. These may be 

administered to individuals. 

Thus, the present invention extends in various aspects 
not only to a substance identified using a nucleic acid 

10 molecule as a modulator of polypeptide activity, in 

accordance with what is disclosed herein, but also a 
pharmaceutical composition, medicament, drug or other 
composition comprising such a substance, a method 
comprising administration of such a composition to a 

15 patient, e.g. for treatment (which may include 

preventative treatment) of infection by Salmonella, and 
other enteric bacteria (eg Shigella and E.coli), use of 
such a substance in manufacture of a composition for 
administration and a method of making a pharmaceutical 

20 composition comprising admixing such a substance with a 

pharmaceutical^ acceptable excipient, vehicle or 
carrier, and optionally other ingredients. 

A substance identified using as a modulator of 
25 polypeptide function may be peptide or non-peptide in 

nature. Non-peptide "small molecules" are often 
preferred for many in vivo pharmaceutical uses. 
Accordingly, a mimetic or mimic of the substance 
(particularly if a peptide) may be designed for 
30 pharmaceutical use. 

The designing of mimetics to a known pharmaceutical ly 
active compound is a known approach to the development of 
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pharmaceuticals based on a "lead" compound. This might 
be desirable where the active compound is difficult or 
expensive to synthesise or where it is unsuitable for a 
particular method of administration, e.g. peptides are 
5 unsuitable active agents for oral compositions as they 

tend to be quickly degraded by proteases in the 
alimentary canal. Mimetic design, synthesis and testing 
is generally used to avoid randomly screening large 
number of molecules for a target property. 

10 

There are several steps commonly taken in the design of a 
mimetic from a compound having a given target property. 
Firstly, the particular parts of the compound that are 
critical and/or important in determining the target 

15 property are determined. In the case of a peptide, this 

can be done by systematically varying the amino acid 
residues in the peptide, eg by substituting each residue 
in turn. Alanine scans of peptide are commonly used to 
refine such peptide motifs. These parts or residues 

20 constituting the active region of the compound are known 

as its "pharmacophore". 

Once the pharmacophore has been found, its structure is 
modelled to according its physical properties, eg 

25 stereochemistry, bonding, size and/or charge, using data 

from a range of sources, eg spectroscopic techniques, X- . 
ray diffraction data and NMR. Computational analysis, 
similarity mapping (which models the charge and/or volume 
of a pharmacophore, rather than the bonding between 

30 atoms) and other techniques can be used in this modelling 

process . 

In a variant of this approach, the three-dimensional 
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structure of the ligand and its binding partner are 
modelled. This can be especially useful where the ligand 
and/or binding partner change conformation on binding, 
allowing the model to take account of this in the design 
5 of the mimetic. 

A template molecule is then selected onto which chemical 
groups which mimic the pharmacophore can be grafted. The 
template molecule and the chemical groups grafted on to 

10 it can conveniently be selected so that the mimetic is 

easy to synthesise, is likely to be pharmacologically 
acceptable, and does not degrade in vivo, while retaining 
the biological activity of the lead compound. 
Alternatively, where the mimetic is peptide based, 

15 further stability can be achieved by cyclising the 

peptide, increasing its rigidity. The mimetic or 
mimetics found by this approach can then be screened to 
see whether they have the target property, or to what 
extent they exhibit it. Further optimisation or 

20 modification can then be carried out to arrive at one or 

more final mimetics for in vivo or clinical testing. 

Thus nucleotides and polypeptides as provided herein have 
several clear applications inter alia: 

25 

a. PCR primers can be designed for the detection of 
Salmonellas or Salmonellas and Shigellas. 

b. The gene products themselves may be used as sub-unit 
30 vaccines for the control of Salmonellosis. Polyclonal 

antibodies against eg sopD have been obtained indicating 
the immunogenecity of the sopD polypeptide. 
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c. Antibodies eg ant i-sopD may be utilised for 
immunodiagnostics or treatment of Salmonellosis. 
The Sop proteins were isolated as described earlier (Wood 
et al. # 1996). The proteins were separated by SDS-PAGE 
and stained with Coomassie blue. SopD band was excised 
from the gel, and the acrylamide was finely dispersed in 
a Griffin's tube in a minimal volume of sterile PBSa . 
This suspension was then used to inoculate rabbits. 
Similarly monoclonal antibodies using the same technique 
as described for the SopE protein (Wood et al . , 1996) 
have been raised against sopB and sipA. The ability to 
raise antibodies indicates the immunogenicity of these 
gene products. An antibody based immunodiagnostic assay 
may be developed in accordance with the teachings of Pal 
et al., 1997, J. Clin. Microbiol, 35 1757-1760 relating to 
an assay based on the functionally related Shigella 
protein IpaC. 

To assist a fuller understanding of the present 
0 invention, there now follows a presentation of how the 

materials and methods of the present invention may be 
employed and experimental studies related thereto. 

Brief description of th e drawings 

5 

Reference is made to the following figures described 
below. 

Figure 1. Schematic representation of physical and 
0 genetic map of SPI-5. 

Figure 2. Sequence analysis of junctions between S.dublin 
DNA homologous and non- homologous to E.coli K-12 DNA. 
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Figure 3. Nucleotide sequence of SPI-5 with putative 
amino acid sequences of encoded proteins. 

Figure 4. Effect of different mutations within SPI-5 on 
5 the ability of S.dublin to induce fluid secretion and PMN 

influx 12 h after infection of bovine ligated ileal 
loops. The secretory response is defined as the volume 
of fluid within a loop per length of loop and the PMN 
influx is defined as the radioactive count of PMNs within 

10 test loops per radioactive count of PMNs within the 

negative control loops. Each bar is derived from the 
mean from four loops and is presented with the standard 
error of the mean. The decreased enteropathogenicity in 
bovine ileal loops correlates with reduced oral virulence 

15 of mutants for calves. 

Figure 5. PCR analyses of different bacterial strains 
using SPI-5-specif ic primers. Lane 0 contain DNA 
markers, the other lanes contain PCR products amplified 

20 using the following bacterial suspensions as templates: 

1. S.anatum 997; 2. S . choleraesuis A57 ; 3. S.dublin 
2229; 4. S . en teri tidis 149; 5. S.gallinarum 289/91; 6. 
S.pulloruin 449/87; 7. S . typhimurium C5 ; 8. Shigella 
sonnei PB1; 9. E.coli H310 (EPEC) ; 10. Yersinia 

25 pseudotuberculosis YPIIl/pIB102 . The primers used were: 

A) PA1 (5 1 -caggcgaagcctttgaaac-3 1 ) and PA2 (5 1 - 
ctgggaggtgaaggatgcc-3 1 ) , pipA-specif ic . 

B) PB1 (5 ■ -cgcaataaagatctcgatctacagacggt-3 • ) and PB2 (5'- 
tgccgcttttcgaattccaggcgggt-3 1 ) , sopB-specif ic . 

30 C) PD1 (5 ' -cctattatcagggcatgcgtcattatcaac-3 1 ) and PD2 

(5 1 -catataatcctcgagagctctgct-3 ' ) , pipD-specif ic . 

Figure 6. Nucleotide sequence of sopA with putative amino 
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acid sequence of encoded protein. 

Figure 7. Effect of mutation in sopA on the ability of 
S.dublin to induce fluid secretion and inflammatory 
5 response (PMN influx) 12h after infection of bovine 

ligated ileal loops. The secretory response and PMN 
influx are as defined above in relation to Figure 4. 

Detailed description of the drawings and exemplification 
10 of the invention 

Experimental procedures 

Bacterial strains and growth conditions 
15 The bacterial strains used in this study are listed in 

Table 1. Strains were grown in LB broth or on LB agar 
with the addition of appropriate antibiotics when 
necessary. 

20 DNA Methods 

Preparation of plasmid DNA, restriction enzyme digestion, 
ligations, and transformation of E.coli were performed 
essentially as described by Sambrook et al. (1989) . 
pMW60 was used as a template for DNA sequencing using a 

25 Sequenase kit, version 2 (USB Corp.) according to the 

manufacturer' s instructions . 

Screening of a S.dublin DNA library and cloning of SPI-5 
DNA 

30 Screening of a library of chromosomal DNA of S.dublin and 

Southern blots were performed using PCR amplified DNA 
fragments A to D (Fig.l). The following primers were 
used in PCR: 
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Probe A: 

PRA1 (5 1 -ccgatcatacactggaaatgtgc-3 ' ) , and 
PRA2 (5 1 -aagtaatatcacccgtgaataa-3 ' ) . 

5 Probe B: 

PRB1 (5 1 -cggtcttactcgagcggggctttgct-3 ' ) , and 
PRB2 (5 1 -gggttaacaaccctttaaaagg-3 ' ) . 

Probe C: 

10 PRC1 (5 ■ -taacgcgattgctctattacac-3 » ) , and 

PRC2 (5 1 -tattctttgccgcgatcctttat-3 1 ) . 



Probe D: 

PRD1 (5 1 -ttcctgctcctctggttac-3 1 ) , and 
15 PRD2 (5 ' -ccggacggtcataatgaga-3 1 ) . 

Construction of S.dublin mutants 

Mutants of S.dublin were constructed as follows. 
S.dublin PA1 (insertion of a suicide vector into pipA) : 

20 An internal DNA fragment of pipA amplified by PCR using 

S.dublin 2229 chromosomal DNA as a template and two 
oligonucleotide primers, PIPA1 (5'- 
cacctacagatctatacctcaaagcggagt-3 1 ) , and PIPA2 (5 1 - 
cagcgctgctcgagatcatgtagttcttt-3 1 ) . This DNA fragment was 

25 then cloned into the suicide plasmid vector pDM4 (Milton 

et al., 1996). The resulting plasmid pPAl was conjugated 
from E.coli S17.1 into S.duJblin 2229 and Cm R 
transconjugants were obtained. The insertion of the 
suicide vector by a single recombination event into the 

30 chromosome of S.dublin 2229 resulted in a pipA mutant, 

which was denoted S.dublin PA1 . S.dublin PD1 (insertion 
of suicide vector into pipD) and S.dublin KIN (insertion 
of suicide vector into copS) were constructed as 
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described for S.dublin PA1 . PIPD1 (5'- 
ccttcatt ctcqaa cqcaacgaaqat-3 * ) and PIPD2 (5 1 - 
caggatcac gqatcc aatqqcqtcttccqt-3 1 ) primers were used to 
amplify an internal fragment of pipD; COPS1 (5'- 
5 cgcagaatggttaagttatctagaacgctg-3 ' ) and COPS2 (5 1 - 

ggcattcgtcagcaggctcgagagcactctttg-3 1 ) primers were used 
to amplify an internal fragment of copS. 

S.dublin PB2 (in- frame deletion in pipB) . 

10 

Four oligonucleotide primers, 

SPIPB1 (5 1 -taaaatatttctcgaggatgtcaacgggt-3 ' ) , 
SPIPB2 (5 ' -AGTCTGAGCCGtttgtttcacggaaatct-3 ' ) , 
SPIPB3 (5 1 -CCGTGAAACAAAcggctcagacttaactgac-3 ' ) and 

15 SPIPB4 (5 » -cacatacagatctcgctatgattcagac-3 1 ) 

were designed to generate a fusion DNA fragment covering 
the 5' and 3' area of pipB and carrying a 156 bp long 
deletion of the internal part of the gene. Two DNA 
fragments were amplified by PGR using S.dublin 2229 

20 chromosomal DNA as a template and SPIPB1 and SPIPB2 and 

SPIPB3 and SPIPB4 respectively. These DNA fragments were 
then used as a template as a template in a PCR reaction 
with SPIPB1 and SPIPB4. The resulting DNA fragment was 
cloned into the suicide plasmid vector pDM4 (Milton et 

25 al . , 1996) to yield pDPIPBl. pDPIPBl was conjugated from 

E.coli S17.1 into S.dublin 2229 and Cm r transconjugants 
were obtained. The suicide plasmid was then excised by a 
second recombination event as described in (Milton et 
al . , 1996). The Cm sensitive recombinants were obtained 

30 and screened by PCR for a mutated allele. Several clones 

carrying the deletion were identified. One of these was 
designated S.dublin PB2 and used in further experiments. 
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S.dublin SD1 (insertion of a suicide vector into sopD) 
Based on the known nucleotide sequence of the ORF4 of 
S. typhimurium (Ostrowski et al . , J.Biol.Chem, (1989) 
264(26) 15726-37) two oligonucleotide primers SD1 (5'TTA 
5 TGC CAG TCG ACT TAA GCT TCG GTA AT -3 1 ) , SD2 (5'-TGA TAG 

TAA ACA GAT CTT GAT GAG C-3 1 ) were designed to generate 
the DNA fragment containing an internal part of the gene. 
The corresponding DNA fragment was amplified by PCR using 
S.duJblin 2229 chromosomal DNA as template. This DNA 
10 fragment was used as a probe to screen a plasmid library 

of S.dublin chromosomal DNA. Two positive clones were 
identified, one of which was denoted pMW45 and chosen for 
sequencing and transcomplementation experiments. 

15 The sopD mutants of S.dublin were constructed as follows. 

An internal DNA fragment of sopD was amplified by PCR 
with SD1 and SD2 using and was cloned into the suicide 
plasmid vector pDM4 . The resulting plasmid was 
conjugated from E.coli S17.1 into S.dublin 222 9 and Cml r 

20 transconjugants were obtained. One of these clones was 

denoted S.duJblin SD1 and chosen for further experiments. 
The correct insertion of the suicide vector into the sopD 
gene was confirmed by the PCR. 

25 S.dublin SB2SD1 

The sopB/sopD mutant was constructed as follows. The 
sopB mutant was constructed as described earlier (Galyov 
et al., 1997 Molecular Microbiology, 25, 903-12). The 
sopD mutation was then transfected by P22 transduction 
30 into the sopB mutant strain S.dublin SB2 to yield 

S.dublin SB2SD1 mutant strain. 

S.dublin Al 
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SipA mutant was constructed as described previously (Wood 
et al., 1996 M.Microbiol. 22: 327-338). 

The mutant forms of Salmonella were (as described above) 
5 prepared by use of the suicide plasmid technique. This 

technique is widely used. Those working in the field 
would also be able to make mutant forms as disclosed 
herein by other techniques. The mutations may comprise 
point mutations, insertions, deletions, substitutions at 
10 one or more positions in the nucleotide sequences. 

Bovine ligated ileal loop assay for enteropathogenesis 
This assay has been described in detail elsewhere (Wallis 
et al . , 1995). The bacterial strains were grown 

15 overnight at 25°C, with shaking. The cultures were 

diluted approximately 1 in 3 in fresh LB medium and 
incubated at 37°C for 90 min with shaking. The optical 
density was adjusted by adding LB broth to give 
approximately 9.0 log 10 cfu ml" 1 . Sterile LB broth was used 

20 as the negative control. 

Ligated ileal loops were constructed in the mid- ileum of 
28-day-old, male, Friesian calves. The bacterial culture 
(1 ml) was injected into loops of 6 cm in length. 

25 Approximately 50 ml of blood were removed from the calf 

and the PMNs were isolated, labelled with lll In and 
reinjected into the calf. Twelve hours after inoculation 
of the loops, the secretory response (volume of fluid 
within a loop/ length of a loop) was recorded. The y- 

30 irradiation from each loop and its contents were measured 

and used to calculate the PMN influx ratio (irradiation 
from test loop/ irradiation from negative control loop) . 
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Results 

Identification and analysis of the DNA region adjacent to 
and downstream of sopB. 
5 The inventors have previously identified a -3 kb Sall- 

EcoRI DNA fragment which hybridised to the sopB probe and 
cloned it into the pBluescript plasmid vector to yield 
pMW60 (Galyov et al . , 1997). To analyse the DNA upstream 
and downstream of sopB, the entire Sall-EcoRl fragment 

10 was sequenced. The sequence of the fragment was compared 

with the DNA sequences deposited in the E.coli K-12 
genomic database by using the BLAST program. This 
comparison revealed no extensive similarities, indicating 
that DNA homologous to sopB and the flanking DNA is 

15 absent from the E.coli K-12 chromosome. 

In order to gain more insight into the organisation of 
the genetic loci adjacent to sopB t the inventors used PCR 
amplified DNA fragments corresponding to the regions 
20 upstream and downstream of sopB as probes to identify 

clones from a S.duJblin chromosomal DNA library containing 
the extended DNA fragments corresponding to the areas 
upstream and downstream of sopB. This analysis revealed 
no clones hybridising with the DNA probe derived upstream 
2 5 of sopB. One clone hybridising with the probe derived 

downstream of sopB was identified and the plasmid from 
this clone was designated pMW61 (Fig. 1) . The 400 bp 
long nucleotide sequence of the distal end of the cloned 
fragment in pMW61 was obtained and compared with those in 
30 the E.coli K-12 genomic database. This analysis revealed 

that DNA cloned into pMW61 included a gene identical to 
the tRNA x Ser (serT) gene from E.coli (Fig. 2) . A strong 
homology between S.dublin sequence and the corresponding 
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sequence from E.coli K-12 extended from the serT promoter 
area (end of the cloned fragment) , included the serT 
gene, a short fragment downstream of serT and a part of 
an inverted repeat terminator structure downstream of the 
5 gene (Fig. 2) . This was followed by Salmonella specific 

DNA, suggesting that the enteropathogenici ty associated 
sopB gene is located on the Salmonella-specific DNA 
fragment absent from the E.coli K-12 chromosome and that 
the site of the insertion for this fragment is the 

10 inverted repeat sequence downstream of serT. Thus, this 

Salmonella- specif ic DNA fragment has features 
characteristic to "pathogenicity islands" (for a review 
see Groisman and Ochman, 1996) , and has now been denoted 
SPI-5 (previously denoted SPI-4 by the inventors; see 

15 earlier comment) . 

Cloning and analysis of the DNA regions adjacent to and 
upstream of the sopB gene. 

Since the inventors were unable to identify any clones 
20 which hybridised with DNA upstream of sopB in the 

available S.dublin DNA library, they performed a Southern 
hybridisation of different restriction enzyme digests of 
S.dublin chromosomal DNA using a probe derived from 
flanking DNA upstream of sopB. A -2.5 kb Hpal DNA 
25 fragment which hybridised to the probe was identified and 

cloned into the pBluescript plasmid vector to yield 
pMW59. The 300 bp long nucleotide sequence of the sopB 
distal end of the cloned fragment in pMW59 were obtained 
and compared with those^ in the E.coli K-12 genomic 
30 database. Nucleotide sequencing of the sopB distal end 

of the fragment inserted into pMW59 revealed sequence 
strongly homologous to the copS gene of E.coli K-12 
(Fig. 2) . The copS gene is located at 46 cent i some of the 
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E.coli chromosome. Two oligonucleotide primers were 
designed based on the determined sequence, a 
corresponding DNA fragment was amplified by PCR and used 
as a probe to identify another chromosomal DNA fragment 
5 suitable for cloning DNA extending further upstream of 

sopB. Using this strategy, the inventors obtained a set 
of overlapping clones extending approximately 8 kb 
upstream of sopB (Fig.l) . Further sequence analysis of 
the DNA fragment cloned into pMW58 and pMW57 revealed 

10 that the copS gene is followed by the copR and ORF genes 

(Fig.l). The copS, copR and ORF genes are structurally 
similar to the corresponding genes from E.coli and the 
relative gene order and orientation is conserved in 
S.duJblin and E.coli K-12. Thus, SPI-5 of S.dublin 

15 appears to be flanked by the serT on one side and copS 

followed by copR and ORF genes on the other side (Fig.l) . 

Structure of SPI-5 

Nucleotide sequence of the DNA fragment flanked by the 
20 serT gene on one side and copS on the other revealed 

that, in addition to sopB, five other ORFs are located 
within SPI-5 (Fig.l). The inventors denoted 
corresponding genes as pipA, pipB, pipe, pipD 
(pathogenicity island encoded proteins) and orfX (Fig.l) . 

25 

The pipA gene product does not appear to have significant " 
homology to previously described proteins, whereas the 
other SPI-5 encoded gene products showed sequence 
similarity to gene products from other bacterial species 
30 (Fig.l). The inventors have previously shown that the 

sopB gene product is homologous to IpgD protein from 
Shigella (Allaoui et al . , 1993). The predicted protein 
product pipC is similar to the IpgE proteins of Shigella 
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(Allaoui et al . , 1993). The sopB and pipC are likely to 
form an operon, similar in organisation to the ipgD/ipgE 
operon from Shigella (Allaoui et al . , 1993). pipB 
encodes a putative membrane associated protein with two 
5 transmembrane helices. The pipB gene product is 

structurally similar to the HglK protein from AnaJbaena 
and Synechocystis species (Black et al . , 1995), as well 
as to several other putative membrane proteins from 
Synechocystis . The pipD gene product is a structural 
10 homolog to dipeptidases from two different Lactobacillus 

species. The gene product of orfX is similar to a 
putative protein ECU8252 8 from E.coli 

The G+C content of SPI-5 is 46%, compared to 44.6% for 
15 SPI-2 (Shea et al . , 1996), 47% for SPI-l, 39.8-49.3% for 

SPI-3 (Blanc-Potard and Groisman, 1997), and 52-54% 
estimated for the entire Salmonella genome (ref ) . 



SPI-5 is conserved in Salmonellae 

20 A 1-kb sopB-specif ic DNA fragment was amplified by PCR 

and used as a probe in Southern blot hybridisation 
analysis of genomic DNA from different Salmonella 
serovars and some other pathogenic bacteria. DNA 
fragment hybridisation showed that SPI-5 is present in 

25 S.typhimurium, S .enter it idis , S . cholerae-suis , 

S.gallinarum, S.pullorum, and is absent from Yersinia 
pseudotuberculosis, Shigella flexneri, and EPEC (data not 
shown) . 

30 The position of the SPI-5 was determined by screening a 

prophage library of the S.typhimurium genome by PCR using 
primers to the genes sopB, pipD, serT and the junction of 
copS/copR. The PCR products of the expected sizes were 



WO 99/45120 



PCT/CB99/00675 



55 

obtained when a template corresponding to 17 to 21.5 
centisomes on the chromosome was present (data not 
shown) . 

5 Mutational analysis 

The inventors have previously demonstrated that the SopB 
protein is involved in enteropathogenicity of Salmonella 
(Galyov et al . , 1997). To investigate the possible 
involvement of other SPI-5 encoded genes in the induction 

10 of intestinal fluid secretion arid inflammatory responses 

mediated by Salmonella, they constructed mutants in the 
pipA, pipB, pipD and copS genes and assessed 
corresponding mutant strains for growth in vitro, 
invasiveness of HeLa cells, and enteropathogenicity in 

15 bovine ileal ligated loops. In addition, the wild-type 

S.dublin 222 9 and a sopB mutant S.dublin SB2 (Galyov et 
al., 1997) were also included as controls in the 
experiments . 

20 The growth characteristics of the SPI-5, sipA and sopD 

pip mutant strains in vitro were undistinguishable from 
that of the wild-type. In contrast, the copS mutant 
showed reduced viability on McCconkey plates (data not 
shown) . None of the mutations affected the ability of 

25 Salmonella to invade cultured HeLa cells (data not 

shown) . However, the pipA, pipB, pipD, sopB, sopD and 
sipA mutations significantly reduced the 
enteropathogenicity of the corresponding mutant strains 
(Fig. 4) . The copS mutant was nearly as enteropathogenic 

30 as the wild- type strain (Fig. 4) . The sopB, sopD double 

mutant was significantly less enteropathogenic than the 
single sopB or sipD mutants indicating a synergistic 
effect of these mutations. 
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Finally the use of SPI-5-specif ic sequence to detect 
Salmonella serovars and distinguish them from other 
enteric bacterial pathogens was assessed by PCR. Three 
different sets of primers were used (see preceding 
5 explanation of fig. 5). Primers PD1 and PD2 were derived 

from the pipD sequence, PB1 and PB2 - from sopB, and PA1 
and PA2 - from pipA. Bacterial suspensions of individual 
strains were used as templates. The PCR reactions 
profile consisted of denaturation at 94 °C for 5 min, 

10 followed by 25 cycles of 94°C for 30 sec, 50°C for 30 

sec, and 72 °C for 3 0 sec in a DNA thermal cycler. The 
analysis of PCR products by agarose gel electrophoresis 
showed that SPI-5-specif ic sequences of expected sizes 
were amplified when different Salmonella serotypes were 

15 used as template. No PCR products were detected when 

Yersinia pseudotuberculosis, Shigella sonnei, and 
enteropathogenic E.coli were used as templates (Fig.SA, 
B, and C) . Thus, primers derived from SPI-5 are suitable 
for specific detection of Salmonella by PCR. 

20 

Cloning of the sopA Gene of S.dublin and Construction of 
S.dublin Mutants 

Two pairs of degenerate oligonucleotide primers. Al(5- 

25 gaYWSNccNatHgaRttYgc-3 ' ) , and Alrev (5 ' - 

ggNaRNgcRaaYtcDatNgg-3 « ) ; A2 (5 1 -gaRtggYtNggNccNgtNcaRga- 
3 ■ ) and A2rev (5 1 -cYKtcYtgNacNggNccNaRccaYtc-3 1 ) were 
designed to match coding and non- coding DNA strands 
corresponding to amino acid sequences of two internal 

30 fragments of SopA obtained by the digestion of the 

protein with trypsin, D-S-P-I-E-F-A-L-P and E-W-L-G-P-V- 
Q-E-R, respectively. The capital letters in the 
oligonucleotide primer sequences above represent amino 
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acids. Thus where % Y' appears it means that the 
oligonucleotide primer sequence may comprise any codon 
which codes for tyrosine; where *W appears it means that 
the oligonucleotide primer sequence may comprise any 
5 codon which codes for tryptophan etc. Al-A2rev and 

Alrev-A2 combinations of primers were used in PCR in an 
attempt to amplify a sopA gene fragment using S.dublin 
2229 chromosomal DNA as template. The PCR reaction with 
Al-A2rev primers resulted in an approximately lkb DNA 

10 fragment. This DNA fragment was cloned into pBluescript 

plasmid vector to yield pP80. The cloned DNA fragment was 
labelled and used as a probe in a Southern blot to detect 
sopA-specif ic fragments in different restriction enzyme 
digests of S.dublin chromosomal DNA. Two DNA fragments 

15 -3kb EcoRI -BaiTTHI DNA fragment, and ~2.5kb Pstl-Kpnl DNA 

fragment that hybridised to the probe were identified and 
cloned into pBluescript to yield pMW80 and pMW79 
respectively. 

20 The sopA mutant of S.dublin was constructed as follows. 

An internal DNA fragment of sopA was amplified by PCR 
with the custom oligonucleotides SA1 ( 5 1 - 
tgaagatatctcgaggcgcaattaat-3 1 ) and SA2 (5 1 - 
taaggtgtttagatctttcggct-3 ' ) and was cloned into the 

25 suicide plasmid vector pDM4 . The resulting plasmid was 

conjugated from E.coli S17.1 into S.dublin 2229 and Cml r 
transconjugants were obtained. One of these clones was 
denoted S.dublin SA1 and chosen for further experiments. 
The correct insertion of the suicide vector into the sopA 

30 gene was confirmed by PCR. 

SopA has a role in the induction of enteritis 
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To study the possible role of SopA in Salmonella- induced 
enteritis, we assessed the ability of the different 
S.dublin strains to induce fluid secretion and PMN influx 
in ligated ileal loops in two calves. Compared with the 
wild-type strain the sopA mutant S.dublin SA1 induced 
less fluid secretion and PMN influx (Fig 7) indicating 
that the SopA protein has a role in the induction of 
enteritis . 
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CLAIMS 

1. An attenuated microorganism which is a mutant strain 
of Salmonella or another enteric bacteria and which, 
in comparison to the corresponding wild type strain, 
has reduced enteropathogenicity but substantially 
the same invasiveness, wherein when said mutant 
strain is Salmonella, dt has one or more alterations 
in one or more genes selected from sopA, sopD, sipA, 
or a gene from within the pathogenicity island SPI- 
5, and wherein, where there is an alteration in the 
gene sopB of SPI-5, there is also an alteration in 
another of said genes, and wherein when said 
microorganism is a mutant strain of another enteric 
bacteria, there is an alteration in one or more 
homologous genes which correspond to a said 
Salmonella gene. 

2. An attenuated microorganism according to claim 1 
wherein, when when said mutant strain is Salmonella, 
it has alterations in a gene from within the 
pathogenicity island SPI-5 and said alterations are 
in one or more of the genes selected from pipD, pipB 
and pipA, and wherein when said microorganism is a 
mutant strain of another enteric bacteria, there is 
an alteration in one or more homologous genes which 
correspond to said pipD, pipB or pipA genes. 

3. An attenuated microorganism according to claim 1 
wherein, when said mutant strain is Salmonella and 
it has alterations in sopB and another of said 
genes, said other gene is sopD, and wherein when 
said microorganism is a mutant strain of another 
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enteric bacteria and has an alteration in a 
homologous gene which corresponds to sopB, there is 
also an alteration in a homologous gene which 
corresponds to sopD. 

5 

4. An attenuated microorganism strain according to any 
one of claims 1 to 3 which is in an isolated and/or 
purified form. 

10 5. An attenuated microorganism strain according to any 

one of claims 1 to 4 which comprises an altered form 
of a serotype of Salmonella subspecies enterica. 

6. An attenuated microorganism according to any one of 
15 claims 1 to 4 which is a mutant strain of Shigella 

or E. coli . 

7 . An attenuated microorganism according to any one of 
claims 1 to 6 which carries nucleotide sequence 
coding for an antigen different to that expressed by 
said attenuated microorganism. 



20 



8. A prophylactic or therapeutic medicament which 
comprises one or more attenuated microorganisms 

25 according to any one of claims 1 to 7. 

9. A medicament according to claim 8 which is a 
vaccine. 



30 10. A medicament according to claim 8 or claim 9 for use 

in the treatment of, or immunisation against, 
Salmonella, Shigella or E.coli infection. 
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11. A medicament according to any one of claims 8 to 10 
which is formulated for administration by non- 
invasive or invasive injection or for mucosal 
administration . 

12. A medicament according to any one of claims 8 to 11 
which includes one or more pharmaceutically 
acceptable excipients, vehicles or carriers. 

13. Use of an attenuated microorganism according to any 
one of claims 1 to 7 in the preparation of a 
medicament . 

14 . Use according to claim 13 wherein said medicament is 
one according to any one of claims 8 to 12. 

15. A method of treatment or immunisation which 
comprises administering to a subject a medicament 
according to any one of claims 8 to 12 . 

16. A method according to claim 15 wherein the subject 
is a person or agricultural animal. 

17. A method of treating, or immunising against-, 
infection with Salmonella, Shigella or E.coli, 
comprising administering a medicament according to 
any one of claims 8 to 12 . 

18. A method of treating, or immunisation against, a 
medical condition, said method comprising 
administering a medicament which comprises an 
attenuated microorganism according to claim 7. 



WO 99/45120 PCT/GB99/00675 

67 

19. A substance which is a sopA, pipD, orfX, pipC, pipB 
or pipA polypeptide which has an amino acid sequence 
as shown in Figure 3 or Figure 6 or a peptide which 
comprises a characteristic part of a said sopA, 

5 pipD, orfX, pipC, pipB or pipA polypeptide. 

20. A substance which is a polypeptide, mutant, variant, 
derivative, functional mimetic or allele of a said 
sopA, pipD, orfX, pipC, pipB or pipA polypeptide 

10 according to claim 19 or a peptide which comprises a 

characteristic part of said polypeptide which is a 
mutant, variant, derivative, functional mimetic or 
allele . 

15 21. A substance which is a polypeptide having 20% or 

more sequence homology to a sopA, pipD, pipC, orfX, 
pipB or pipA polypeptide according to claim 19. 

22. A substance which comprises a polypeptide or peptide 
20 according to any one of claims 19 to 21 and at least 

one other peptide sequence. 

23 . A nucleic acid molecule which codes for a substance 
being a polypeptide or peptide according to any one 

25 of claims 19 to 22. 

24. A nucleic acid molecule according to claim 23 
comprising, or complementary to, part or all of the 
sopA, pipD, orfX, pipC, pipB or pipA gene . shown in 

3 0 Figure 3 or Figure 6. 



25. A nucleic acid molecule according to claim 23 or 
claim 24 which further comprises a nucleotide 
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sequence functioning as a promoter or enhancer. 

26. A nucleic acid molecule according to any one of 
claims 23 to 25 which is an oligonucleotide and can 

5 function as a primer in an amplification * reaction . 

27. A nucleic acid molecule according to claim 26 
wherein said amplification reaction is for the 
detection of a Salmonella, Shigella or E. coli . 

10 

28. A vector comprising a nucleic acid molecule 
according to any one of claims 23 to 27. 

29. A host cell transformed with a vector according to 
15 claim 28. 



30. A method of identifying a gene which corresponds to 
a Salmonella sopA, pipD, orfX, pipC, pipB or pipA 
nucleic acid sequence which comprises using one or 
more nucleic acid molecules according to any one of 
claims 23 to 27 as a probe, the method comprising 
contacting the probe (s) and the test sample under 
hybridising conditions and observing whether 
hybridisation takes place. 



20 



25 



31. A method according to claim 3 0 further including the 
step of isolating nucleic acid which has hybridised 
to the probe. 



30 



32. A method according to claim 30 or claim 31 for use 
in identifying the presence in a test sample of 
Salmonella, Shigella or E. coli. 



10 
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33. An antibody or antibody fragment, derivative, 
functional equivalent or homologue of an antibody 
which is able to bind to a substance according to 
any one of claims 19 to 22 or a nucleic acid 
molecule according to any one of claims 23 to 27. 

34. Use of a substance according to any one of claims 19 
to 22 or of a nucleic acid molecule according to any 
one of claims 23 to 27 as an immunogen. 

35. Use according to claim 34 in the production of 
monoclonal antibodies . 



36. Use of an antibody or antibody fragment, derivative, 
15 functional equivalent or homologue of an antibody 

according to claim 33 in a method for determining 
the presence, amount or location in a sample of 
Salmonella, Shigella or E.coli. 

2 0 37. A method of generating an attenuated microorganism 

which is a mutant strain of Salmonella for use as a 
vaccine or vaccine vector, which method comprises 
the steps of: (a) introducing into the microorganism 
a genomic mutation in one or more genes selected 

25 from sopA, sopD, sipA, or a gene from within the 

pathogenicity island SPI-5, wherein, where there is 
a mutation in the gene sopB of SPI-5, there is also 
a mutation in another of said genes; and (c) 
selecting and culturing a mutant microorganism 

30 which, in comparison to the corresponding wild type 

strain, has reduced enteropathogenicity but 
substantially the same invasiveness. 
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38. A method according to claim 37 wherein, when said 

mutant strain has alterations in sopB and another of 
said genes, said other gene is sopD. 

5 39, Use of a substance according to any one of claims 19 

to 22 or a nucleic acid molecule according to any- 
one of claims 23 to 27 to screen for an agent which 
affects or modulates the activity of said substance. 

10 40. A method of screening for an agent which modulates 

the activity of a substance of any one of claims 19 
to 22, said method including the steps of: 
contacting one or more of said agents with said 
substance; testing the activity of the treated 

15 substance; and comparing the activity with that of 

the substance in a comparable reaction medium 
untreated with the test agent (s) . 

41. An agent as identified in a method according to 
20 claim 40. 

42. Use of an agent according to claim 41 in the 
preparation of a medicament. 



25 



43 . 



A prophylactic or therapeutic medicament which 
comprises one or more agents according to claim 41. 
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gttAACGCC^^CTCTATTACACGGTGGTTCGCCATCTTACCGCTATCCTCRTC^^T ^ 



Fig 



2 



1 ll7™~c^~^^^ 

VNAIALLHGGSASYRYADEH - 

AATATCTTTTCGGTTCGTCTGCCCGATAGCGGTGATAGCTAAGGTCAGTACAGGTTCTGT 

„—.+——— — — — — — + 120 

61 TTMAGAA^GCCAAGCAGACGGGCTATCGCCACTATCGATTCCAGTC 

NIFSVRLPDSGDS* 

TCCGCTTCCCTGCCACAGGGCTGTGGTTATCAATACAACCTCAATAAAGAGAW ^ 
AG^AAG^ACG^TCTCCOSACACCAATAGTTATGTTGGAGTTATTTCTCTTTTATTTC 

G Ac q cCGGCAAAG AAT ATTGCTGGCTCG ATCACTTtCTCGGTTTCCAATCCAGGGTCAAT 

^ . + + + — — + 240 

181 CTgc^CTCTCTCOTA^AAOGACCGAGCTAGTGAAaOAGCCAAAGOTTAGOTCCCAOTTA 

TCATCCCATAACGCGTTATTCAGTGGGAACCTTTATGAAAAAGTATCTTGCATTCgCCGT 
241 JVGTA^SGGTATTGCGCA^TJ^GTC 

PipD> MKKY LAFAV- 
TACCCTGCTGGGTATGGGTAAAGTCATCGCCTGTACTACCCTTTTCGTAGGCAATCAGGC ^ 

301 ATCcGACGACGCATACCCATMCAGTAG 



T 



LLGMGKVIACTTLFVGNQA- 



TTCGGCTGAC^CTCCTTCATTA^CGCGCAA^AAG^ ^ 
3 " J^GCCGACTGCCGAGGAAGTAATA^ 

GCATAAGGTTATTCATCCCGTCGCGTTTCATCAACAAGGTOAGTATAA ^ q 
421 TCTATTCGAATAAGTAGGGCAGTOCAAAGTAGTTC 



HKVIHPVAF 



HQQGEYKAHRN- 



CAATTTTAGCTGGCCGCTTCC^AGACAGCGATG^CTATA^CGAWCA^ ^ 

481 GTTAA^TCGACCGGCGAAGGCCTCTGTCGCT 

NFSWPLPETAMRYTAIHDFD- 

TA CTJVACGATAACGCCATGGGTG1UVGCCW^ ^ 
54 1 ATGATTCCTATTCCGGTACCCACTTCGGCCAAA^ 

TNDNAMGEAGFHSAGVGKSA- 

Figure 3 
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Figure 3 cont. (i) 



AACGGAAACCATTTATAACGGCAGAGCGGCGCTGGCTGCCGATCCTTACGTGACAAAAAC 

601 + + + + + + 660 

TTGCCTTTGGTAAATATTGCCGTCTCX2CCGCX3ACCGACGGCTAGGAATGCACTGTTTTTG 

TETIYNGRAALAADPYVTKT- 

AGGAATCACGGAAGACGCCATTGAGTCCGTGATCCTGCCAGTGGCGCAATCGGCGCGTCA 

661 + + + + + + 720 

TCCTTAGTGCCTTCTGCGGTAACTCAGGCACTAGGACGGTCACCGCGTTAGCCGCGCAGT 

G ITEDAIESVI LPVAQSARQ- 

GGGCGCCAAATTACTGGGAGACATTATTGAACAAAAAGGCGCGGGCGAAGGTTTCGGCGT 

721 + + + : + + + 780 

CCCGCGGTTTAATGACCCTCTGTAATAACTTGTTTTTCCGCGCCCGCTTCCAAAGCCGCA 

GAKLLGDIIEQKGAGEGFGV- 

CGCGTTTATTGATAGCAAAGAGATATGGTATCTGGAGACGGGAAGCGGTCATCAATGGCT 

781 + + + + + + 840 

GCGCAAATAACTATCGTTTCTCTATACCATAGACCTCTGCCCTTCGCCAGTAGTTACCGA 

AFIDSKEIWYLE TGSGHQWL- 

GG C AG T ACG A CT T CCG G C AG AT AG CTATTTCGTTTCCGCCAATCAGGGACGTTTACG CCA 
641 + + + + + + 900 

CCGTCATGCTGAAGGCCGTCTATCGATAAAGCAAAGGCGGTTAGTCCCTGCAAATGCGGT 

AVRLPADSYFVSANQGRLRH- 

TTACGATCCX3AATGATAACGCGAATTATATGGCX;TCACCAACGTTAGTAAGCTTTGCGAA 

AATGCTAGGCTTACTATTGCGCTTAATATACCGCAGTGGTTGCAATCATTCGAAACGCTT 

YDPNDNANYMASPTLVSFAK- 

AAAGCAGGGATTATATGATCCGGCCCX5CGGCGAATTOTACTTTCATCAAGCCTATTCACA 

961 + + + + + + 1020 

TTTCGTCCCTAATATACTAGGCCGGGCGCCGCTTAAGCTGAAAGTAGTTCGGATAAGTGT 

KQGLYDPARGEFDFHQAYSQ- 

GGATAACAAAAACGATACCACCTATAATTATCCGCGCGTCTGGACGCTACAACACCAGTT 

1021 + + + + + + 1080 

CCTATTGTTTTTGCTATGGTGGATATTAATAGGCGCGCAGACCTGCGATGTTGTGGTCAA 

DNKNDTTYNYPRVWTLQHQF- 

TAATCCGCATCTGGATACGGTCGTTAGCCCAGGGGAAACATTTCCCGTTTTTTTAACGCC 

1081 + + + + + + 1140 

ATTAGGCGTAGACCTATGCCAGCAATCGGGTCCCCTTTGTAAAGGGCAAAAAAATTGCGG 

NPHL DTVVSPGETFPVFLTP- 
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Figure 3 cont. (ii) 

AATAACGAACATCAGCGTGGCCGCAGTAAAAAACGCGTTACGCAATCACTATCAGGGAAC 

. . + + + 1200 

1141 + + + * 

TTATTGCTTCTAGTCGCACCGGCGTCATTTTTTGCGCAATGCGTTAGTGATAGTCCCTTG 

ITKISVAAVKNALRNHYQGT- 

GTCGCACGACCCTTATGCCAGTCATAATCCACAAGAACCATGGCGACCTATATCCGTTTT 

1201 + + + + +~ + 1^0 

CAGCGTGCTGGGAATACGGTCAGTATTAGGTGTTCTTGGTACCGCTGGATATAGGCAAAA 

SHDPYASHNPQEPWRPISVF- 

TCGTACCCAGGAGTCACATATTTTACAGGTCAGACCGAAATTACCGCAGGCTATCGGCAA 

1261 + + + + + + 1320 

AGCATGGGTCCTCAGTGTATAAAATGTCCAGTCTGGCTTTAATGGCGTCCGATAGCCGTT 

RTQESHI. LQVRPKLPQAIGN- 

CGTAGAATACATCGCCTATGGAATGCCATCTCTTAGCGTCTATCTCCCCTATTATCAGGG 

1321 + «. + + + + 1380 

GCATCTTATGTAGCGGATACCTTACGGTAGAGAATCGCAGATAGAGGGGATAATAGTCCC 

VEYIAYGMPSLSVYLPYYQG- 

GATGCGTCATTATCAACCCGGAGATGATAAAGGACCGATCGGGCGAGCAACGACTCTACC 

. + + + + 1440 

1381 + + 

CTACGCAGTAATAGTTGGGCCTCTACTATTTCCTGGCTAGCCCGCTCGTTGCTGAGATGG 

MRHYQPGDDKGPIGRATTLP- 

TACTGGACATTCCGCACGCTGCAAACGCTGGTTATGCAGGACTACAATGCGTTTGCGCCA 

1441 + + + + + + 1500 

ATGACCTGTAAGGCGTGCGACGTTTGCGACCAATACGTCCTGATGTTACX5CAAACGCGGT 



T G 



HSARCKRWLCRTTMRLRQ" 



GATGTGCAACACGCCTGCAAAACATTTGAACAGCAAACAGCT 

1501 «• + ♦ ♦ + ~ + 1560 

CTACACGTTGTGCXK5ACGTTTTGTAAACTTGTCGTTTGTCGATTCGTCGTCaTATTCTAC 

MCNTPAKHLNSKQLSSSIRW- 

GAGCAGAGCTATCTGAGaTtATATGCGTCGCATCCGAAAGAAGCGCAACGCTTACTGCAA 

. . + + + 1620 

1561 + + + — 

CTCGTCTCGATAGACTCtAaTATACGCAGCGTAGGCTTTCTTCGCGTTGCGAATGACXjTT 

S R A I * 

AATTTTGAAGATAAAACGATGCAAAATGCGCAGACGCTCGCCCGTCGCCTGACCAATAAT 

1621 + + ♦ ♦ * + "80 

TTAAAACTTCTATTTTGCTACGTTTTACGCGTCTGCGAGCGGGCAGCGGACTGGTTATTA 

ATTACTACGACAATGACTTACCGTACAGATATGAAATATCACTTTTCAAGTACGgAACCA 

1681 ♦ + ♦ ♦ «■ + "40 

TAATGATGCTGTTACTGAATGGCATGTCTATACTTTATAGTGAAAAGTTCATGCCTTGGT 
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Figure 3 cont . (iii) 

TAf^TTTAATGACAATCTATTAGCCACTCATACACAATAAGATAAAGCGGTACCAGAATT 

1741 + + «■ ♦ «■ + 1800 

ATTTAAATTACTGTTAGATAATCGGTGAGTATGTGTTATTCTATTTCGCCATGGTCTTAA 

AGCCAGATATAAAAGACAATAATTATTATGGACCGATAGAGAGGATAGTTTATGACACTC 

. 4. + + — — + I860 

1801 + + + + 

TCGGTCTATATTTTCTGTTATTAATAATACCTGGCTATCTCTCCTATCAAATACTGTGAG 

CAGGCAAATATCAGCAGAGAGACAAAAGCGGCAAAAACCCAGGAGGTATATAAGCACGTT 

. 4. 4- + ■+ 1920 

1861 + + + 

GTCCGTTTATAGTCGTCTCTCTGTTTTCGCCGTTTTTGGGTCCTCCATATATTCGTGCAA 



GTTCTTTTCAAAATGGCCXSCCCCCTCTTACATAAGACGATAACTACAGCTTATGTCCGGT 
CAAGAAAAGTTTTACCGGCGGGGGAGAATGTATTCTGCTATTGATGTTC 



* L K H G T — 

GTTACATAACTTTTCCCGACAGGCCTCTTTTACCCATGCTGAAAAATTCC^CGTCTTTT^ 

1981 + + + + + + 2040 

CAATGTATTGAAAAGGGCTGTCCGGAGAAAATGGGTACGACTTTTTAAGGCGCAGAAAAG 

NCLKERCAEKVWASFNRTK E- 

AGATTTCAACXJCGAATTCTAT 

2041 + + + — * - + 2100 

TCTAAAGTTGCGCTTAAGATAGACAAGTTCGTACCTTATCCTTTTTGCTTATAAGAAGCA 



S K L A 



FEIQELMSYS F R I N K T - 



CACGGTCTTACTTGTCCGGGGCTTTGK^^ 

a i - i "4- — + 2160 

2101 + — 4--—— i - 1 1 - ' 

GTGCCAGAATGAAC^GGTCCOJAAAOGACXXSTATGTGTGTGGA 

VTKSTRPKAPM <Or£X 

AOGCCGTTACTTTACGCAGGAGTAAATCGGTGAATTTGATCTGAGACAAAG^^ 

2161 + + + ♦ + + 2220 

TGCGGCAATGAAATGCGTCCTCATTTAGCCACTC 

TTTCAATAAAAGTTGTGCCATAAATTGTGAAGTTTGTAGATTTTATGAACATTTGATC 

2221 + + + + + + 2280 

AAAGTTATTTTCAACACGGTATTTAACACTTCAAACATCTAAAATACTTGTAAACTACAT 

ccx;atctcccccatgatcx;ccact 

2281 GGCTAGAGGGGGTACTAGOGGTGATGCATACXJTGCAGTCCTACGGAGGGGCX^ACTAGTC 
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Figure 3 cont . (iv) 



AAGCGTTTCCTCATTAAAAAGGACATTTTTTAAAGTTCCTAGTGCATAAAAGTCACATCC 

2341 + + + + + + 2400 

TTCGCAAAGGAGTAATTTTTCCTGTAAAAAATTTCAAGGATCAOGTATTTTCAGTGTAGG 

TTTTAAAGGGTTGTTAACCCTGTTGAATGTTCCCACTCCCCTATTCAGGAATATTAAAAA 

2401 + + + + + — : + 2460 

AAAATTTCCCAACAATTGGGACAACTTACAAGGGTGAGGGGATAAGTCCTTATAATTTTT 



CXJCTATGCAAATACAGAGCTTCTATCACTC^GCrrTCACTAAAAACCCAGGAGGCTTTTAA 

2461 + + + + + + 2520 

GCGATACX5TTTATGTCTCGAAGATAGTGAGTCGAAGTGATTTTTGGGTCCTCCGAAAATT 

SopB> MQIQSFYHSAS LKTQEAFK- 

AAGCCTACAAAAAACCTTATACAACGGAATGCAGATTCTCTCAGGCCAGGGCAAAGCGCC 

2521 + + + + + + 2580 

TTCGGATGTTTTTTGGAATATGTTGCCTTACGTCTAAGAGAGTCCXKSTCCCGTTTCGCXJG 

SLQKTLYN GMQILSGQGKAP- 

GGCTAAAGCGCCCGACGCTCGCCCX5GAAATTATTGTCCTGCGAGAACCTGGCGCGACATG 

2581 + + + + + + 2 640 

CCXSATTTC^CXXXJCTGCGAGCGGGCCTTTAATAA 

AKAPDARPE I IVLREPG ATW — 

GGGGAATTATCTACAGCATCAGAAGACGTCTAACCACTCGCTGCATAACCTCTATAACTT 

2641 + + + + + + 2 ?00 

C^CCTTAATAGATGTCXSTAGTCTTCTGCAGATTGGTGAGCGACGTATTGGAGATATTGAA 

G NYLQHQKTSNH.SLHNLYNL- 

ACGGOGCGATCTTCTTACGGTCGGGGCAACCGTTCTGGGTAAACAAGACCCGGTTCTAAC 

2701 + * + + * + 2760 

TG<XXJCG CTAGAAGAATCCKIAGCCCXXSTTGGC^ 

RRDLLTVGATVLGKQDPVLT- 

GTCAATGGCAAACCAAATGGAGTTAGCCAAAGTTAAAGCGGACCGGC^AGCAACAAAACA 

2761 + + + + + + 2820 

CAGTTACCGTTTGGTTTACCTCAATCGGTTTCAATTTCGCCTGGCCGGTCGTTGTTTTGT 

SMANQMELAKVKADRPATKQ- 

AGAAGAAGCCGCGGCAAAAGCATTGAAGAAAAATCTTATCGAACTTATTGCAGCACGCAC 

282 i + + + + + + 2 680 

TCTTCTTCGGCGCCGTTTTCGTAACTTCTTTTTAGAATAGCTTGAATAACGTCGTGCGTG 

EEAAAKALKKNLIELIAART — 

TCAGCAGCAGGATGGCTTACCTGCAAAAGAAGCTCATOTCTTTGOGGCAGTAGOGTTTAG 
28B 1 + 4- + + + + 2940 

agtcxjttctcctaccwaatcgacgttttcttcg 
qqqdglpakeahrfaavafr- 
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Figure 3 cont . (v) 



AGACGCTCAGGACAAGCAGCTTAATAACCAGCCCTGGCAAACCATAAAAAATACACTCAC 

2941 + + + + + + 3000 

TCTGCGAGTCCTGTTCGTCGAATTATTGGTCGGGACCGTTTGGTATTTTTTATGTGAGTG 

b DAQDKQLNNQPWQT IKNTLT- 

GCATAACGGGCATCACTATACCAACACGCAGCTCCCTGCCGCAGAGATGAAAATCGGCGC 

3001 — 7 + + + + + + 3060 

CGTATTGCCCGTAGTGATATGGTTGTGCGTCGAGGGACGGCGTCTCTACTTTTAGCCGCG 

b H NGH HYTNTQLP AA EMKI GA- 

AAAAGATATCTTTCCC^GTGCTTATGAGGGAAAGGGCGTATGCAGTTGGGATACCAAGAA 

3061 + + + + + + 3120 

TTTTCTATAGAAAGGGTCACGAATACTCCCTTTCCCGCATACGTCAACCCTATGGTTCTT 

b KDIFPSAYEGKGVCSWDTKN- 

TATTCATCACGCCAATAATTTGTGGATGTCCACXJGTGAGTGTGCATGAGGACXJGTAAAGA 

3121 + + + + + + 3180 

ATAAGTAGTGCGGTTATTAAACACCTACAGGTGCCACTCACACGTACTCCTGCCATTTCT 

b IHHANNLWMSTVSVHEDGKD- 

TAAAACGCTTTTCTGCGGGATACGTCATGGCGTGCTTTCCCCCTATCATGAAAAAGATCC 

3181 + + + + + : + 3240 

ATTTTGCGAAAAGACGCCCTATGCAGTACCGCACGAAAGGGGGATAGTACTTTTTCTAGG 

b KTLFCGIRHGVLSP YHEKDP — 

GCTTCTGCGTCAGGTCGGCGCTGAAAACAAAGCCAAAGAA 

3241 + + + + -+ + 3300 

CGAAGAOGCAGTCCAGCCGCGACTTTTGTTTCGGTTTCT 

b LLRQVGAENKAKEVLTAALF- 

TAGTAAACCTGAGTTGCTTAACAAAGCCTTAGCGGGCGAGGCGGTAAGCCTGAAA 

3301 + + + + + + 3360 

ATCATTTGGACTCAACGAATTGTTTCGGAATCGCCCX5CTCCGCCATTCGGACT 

b SKPELLNKALAGEAVSLKLV- 

ATCCGTGGGGTTACTCACCGCGTCGAATATTTTCGGCAAAGAGGGAACGATGGTCGAGGA 

3361 + + + + + + 3420 

TAGGCACCCCAATCAGTGGCGCAGCTTATAAAAGCCGTTTCTCCCTTGCTACCAGCTCCT 

b SVGLLTASNIFGKEGTMVED — 

TCAAATGCGCGCATGGCAATCGTTGACCCAGCCGGGAAAAATGATTCATTTAAAAATCCG 

3421 + + + ♦ + + 3480 

AGTTTACGCGCGTACCGTTAGCAACTGGGTOGGCCCTTTTTACTAAGTAAATTTTTAGGC 

b QMRAWQSLTQPGKMIHLKIR- 
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Figure 3 cont. (vi) 

CAATAAAGATGGCGATCTACAGACGGTAAAAATAAAACCGGACXSTCGCCGCATTTAATGT 

3481 + + + + + + 3540 

G TT ATTT CT ACCG CT AG ATG TCTG CC ATTTTT ATTTTGG C CTG C AG CGG CGT AAATT ACA 

NKDGDLQTVKIKPDVAAFNV- 

GGGTGTTAATGAGTTGGCGCTCAAGCTCGGCTTTGGCCTTAAGGCATCGGATAGCTATAA 

3541 + + + + + + 3600 

CCCACAATTACTCAACCGCGAGTTCGAGCCGAAACCGGAATTCCGTAGCCTATCGATATT 

GV NELALKLGFGLK ASDSYN- 

TGCCGAGGCGCTATATCAGTTATTAGGCAATGATTTACXSCCCTGAAGCCAGACCAGGTGG 

3601 — + + + + + + 3660 

ACXXSCTCCGreATATAGTCAATAATCCGTTACTAAATGCGGGACTTCTC 

AEALYQLLGNDLRPEARPGG- 

CTGGGTTGGCGAATGGCTGGCACAATACCCGGATAATTATGAGGTCGTCAATACATTAGC 

3661 + + T+ + + + 3720 

GACCCAACCGCTTACCX5ACCGTGTTATGGGCCTATTAATACTCCAGCAGTTATGTAATCG 

WVGEWLAQYPDNYEVVNTLA- 

GCGCCAGATTAAGGATATATGGAAAAATAACCAACATCATAAAGATGGCGGCGAACCCTA 

3721 + + + + + 3780 

CGCGGTCTAATTCCTATATACCTTTTTATTGGTTGTAGTATTTCTACCGCCGCTTGGGAT 

RQIKDIWKNNQ HHKDGGEPY- 

TAAACTCXJCACAACXSCCTTGCCATGTTAGCCCATGAAATTGACXJCGGTACCCGCCTGG^ 

3781 + + + + + + 3840 

ATTTGAGCX*TGTTGCGGAACGGTACAATCGGGTACTTTAACTGCGCC^TGGGCGGACCOT 

KLAQRLAMLAHE I DAVPAWN — 

TTGTAAAAGCGGCAAAGATOGTACAGGGATGATGGATTCAGAAATCAAGCGAGAGATCAT 

384 ! + + + + + + 3900 

AACATTTTCGCCGTTTCTAGCATGTCCCTACTACCTAAGTCTTTAGTTCGCTCTCTAGTA 

CKSGKDRTGMMDSEI KREI I - 

TTCCTTACATCAGACCCATATGTTAAGTGCGCCTGGCAGTCTTCCGGATAGCGGTGGACA 

3g01 + + + + + + 3960 

AAGGAATGTAGTCTGGGTATACAATTCACGCGGACCGTCAGAAGGCCTATCGCCACCTGT 

SLHQTHMLSAPGSLPDSGGQ- 

GAAAATTTTCCAAAAAGTATTACTGAATAGCGGTAACCCTGGAGATTCAGAACCAAATAC 

3961 + + + ♦ + + 4020 

CTTTTAAAAGGTTTTTCATAATGACTTATCGCCATTGGGACCTCTAAGTCTTGGTTTATG 

KIFQKVLLNSGNPGDSEPNT- 
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Figure 3 cont. (vii) 

GGGCGGGGCGGG AAACAAAGTAATGAAAAATTTATCX3CCAGAGGTGCTCAATCTTTCCTA 

4021 + + + + + + 4080 

CCCGCCCCGCCCTTTGTTTCATTACTTTTTAAATAGCGGTCTCCACGAGTTAGAAAGGAT 

b GGAGNKVMK NLS PEVLNLSY- 

TCAAAAACGAGTTGGGGATGAAAATATTTGGCAGTCAGTAAAAGGCATTTCTTCATTAAT 

4081 + + + + + + 4140 

AGTT^TTGCTC^^CCCCTACTTTTATAAACCGTCAGTCATTTTCCJGTAAAGAAGTAATTA 

b QKRVGDEN IWQSVKGISSLI- 

CACATCTTGAGTCTTGAGGTAACTATATGGAAAGTCTATTAAATCX5TTTATATGCCGCGT 

4141 + + + : + + + 4200 

GTGTAG AACTCAG AACTCCATTG AT ATACCTTTCAG ATAATTTAG CAAAT ATACGG CGCA 

b T S * 

c PipO MESLLNRLYAAL- 

TAGGCCTGGATGCACCAGAAGATGAGCCACTTCTCATCATTGATGATGGGATACAGGTTT 
4201 + + + + + + 4260 

atccggacctacgtggtcttctactc<k;tgaagagtagtaactactaccctatgtccaaa 
c gldapedeplli i ddgiqvy — 

attttaatgaatccgatcatacactggaaatgtgctgtccctttatgccattgcctgacg 

4 261 + + + + + + 4320 

TAAAATTACTTAGGCTAGTATGTGACCTTTACACGACAGGGAAATACGGTAACGGACTGC 

C FNESDHTLEMCCPFMPLPDD- 

ACATCCTGACTTTGCAGCATTTTTTACGTCTTAACTATGCCA 

4321 h H +" 4 + + 4380 

TGTAGGACTGAAACX5TCGTAAAAAATGCAGAATTGATACGGT 

c ILTLQHFLRLNYASAVTIGA- 

CTG ACG CAG ACAATACTG CTTT AGTGGCG CTTT ATCG CTTG CCGCAAACCAGTACCG AAG 

4381 + + + + + + 4440 

GACTGCGTCTGTTATGACGAAATCACCGCGAAATAGC^AACGGCGTTTGGTCATGG 

c DADNTALVALYRLPQTSTEE- 

AAGAGGCGCTCACTGGTTTTGAATTATTCATTTCAAACGTGAAGCAATTGAAAGAGCATT 

4441 + ♦ ♦ + + + 4500 

TTCTCCGCGAGTGACCAAAACTTAATAAGTAAAGTTTGCACTTCGTTAACTTTCTCGTAA 

c EALTGFELF I SNVKQLKEHY- 

ATGCATAATTTAATACGTCAAGATACTTTCTTAATGAGATAAAACGCGATACGTATC 

4501 + + *" ♦ + + 4560 

TACX3TATTAAATTATGCAGTTGTATGAAAGAATTACTCTATTTTGCGCTATGCATACGGG 

C A * 
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Figure 3 cont. (viii) 

TTTACAAGAGACCAAAACCAGAATCTTTGGTGGAAATATAAGGGGCAAACGTTCCTCTTT 

4561 + + + + + + 4620 

AAATGTTCTCTGGTTTTGGTCTTAGAAACCACCTTTATATTCCCCGTTTGCAAGGAGAAA 

CTCATTTTGCTCTTTTTGCGGGGGCATTTTTAGTGTGTAAGTATTCCTGCTCATCAGGTT 

4621 + + + + * + 4680 

GAGTAAAACGAGAAAAACGCCCCCGTAAAAATCACACATTCATAAGGACGAGTAGTCCAA 

TTTACGCCATCTACGCGCATTTATTCTGGTATAAGTTGAAATACTGCAAAAAATATTAGT 

4681 + + + + + + 4740 

AAATGCGGTAGATGCGCGTAAATAAGACCATATTCAACTTTATGACGTTTTTTATAATCA 

G CTTATTATTTTTTCTTTAAG TAAATTTTCX3CTCAACAAACTTAATTGTTTATTCAATG A 

4741 + + + + + + 4800 

CGAATAATAAAAAAGAAATTCATTTAAAAGCX5AGTTGTTTGAATTAACAAATAAGTTACT 

TAATGAAGCX5TGAGTTATGCTGAAAATGAGGGAAACTAACAGCAAGGATAATCTTATTAT 

4801 + + H ™+ + + 4860 

ATTACTTCGC^CTCAATACGACTTTTACTCCCTTTGATTGTTCTTCCTATTAGAATAATA 

TCACX3GGTGATATTACTTCTGCTTCACCGTTATGGCAGATATCATCGCCTCTTGTCAGAT 

4861 + + + + + ~+ 4920 

AGTGCCCACTATAATGAAGACGAAGTGGCAATACCGTCTATAGTAGCGGAGAACAGTCTA 

GCCAGACACCTACTCATACTCAACCAAAGCTCTAAATACAAAAATCACCTTATATCTTTT 

492 1 + + + + + + 4980 

CGGTCTGTGGATGAGTATGAGTTGGTTTCGAGATTTATGTTTTTAGTGGAATATAGAAAA 

TTTATTATTCCTTGTATAAATGTGACTTGACTCACACCTATAAGGAGTCGACTCACTTCC 

4981 + + + + + + 5040 

AAATAATAAGGAACATATTTAC^CTGAACTGAGTGTGGATATTCCTCAGCTGAGTGAAGG 

ATAAGAAGGAATCAAAATGCCAATAACTAACGCGTCCCCAGAAAATATATTAAGATATTT 

5041 h -i + + + + 5100 

T ATTCTTCCTTAGTTTTACGGTT ATTG ATTGCGCAGGGGTCTTTTATATA ATTCTATAAA 

PipB> MPITNASPEN ILRYL — 

GCATGCGGCCGGTACCXJGTACGAAAGAAGCAATGAAAAGTGCAACTTCACCACGCGGTAT 
5101 + + + +- + + 5160 

cgtaotccggccatggccatgctttctto;ttacttttcac«ttgaagtggtgcgccata 

HAAGTGTKEAMKSA TSPRGI- 

ACTGGAATGGTTTGTCAATTTTTTTACCTGTGGTGGAGTAAGAAGAAGCAATGAAAGATG 

5161 + + ♦ * + + 5220 

TGACCTTACCAAACAGTTAAAAAAATGGACACCACCTCATTCTTCTTCGTTACTTTCTAC 

LEWFVNFFTCGGVRRSNERC- 

CTTTCXJGGAGGTAATTGGAAAACTGACCACATCATTATTATATGTAAATAAAGATGCTTT 

5221 + + ♦ + + + 5280 

GAAAGCCCTCCATTAACCTTTTGACTGGTGTAGTAATAATATACATTTATTTCTACGAAA 

FREVIGKLTTSLLYVNKDAF- 
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Figure 3 cont . (ix) 

CTTCGATGOTAATAAAATATTTCTGGAGGATGTCAACGGGTGTACTATATGTCT 



GAAGCTACCATTATTTTATAAAGACCTCCTACAGTTGCCCACATGATATACAGACAGTAC 

b FDGNKI FLEDVNGCTI CLSC — 

TGGAGCAGCATCCGAAAATACGGCTCCCATGGTCATTATTGAAGTGAACAAAAATGGAAA 

5341 + + + + + + 5400 

ACCTCGTCGTAGGCTTTTATGCCGAGGGTACCAGTAATAACTTCACTTGTTTTTACCTTT 

b GAASENTAPMVI IEVNKNGK- 

AACTGTAACGGATAAAGTTGATAGCGAGAGATTTTGGAATGTATGTCGAATGTTAAAACT 

5401 + + + + + + 5460 

TTGAGATTGCCTATTTCAACTATCGCTCTCTA 

b TVTD KVD SERFWNVCRMLKL — 

GATGAGTCAACATAATATAC^^CAGCCTGATTCACTTATAACCGAGGATGGTTTTCTGAA 
CTACTCAGTTGTATTATATGTTGTCGGACTAAGTGAATATTGGCTCCTACCAAAAGACTT 

b MSQHNIQQPDSLITEDGFLN- 

CCTGCGCGGAGTAAACCTGGCTCATAAAGATTTCCAGGGGGAAGATTTGTCAGACATAGA 

5521 + + + + + + 5580 

GGACGCGCCTCATTTGGACCGAGTATTTCTAAAGGTCCCCCTTCTAAACAGTCTGTATCT 

b LRGVNLAHKDFQGEDLSDID — 

TGCTTCTGATGCAGATTTCCGTGAAACAAATCTATCTAATGTAAATTTAGTCGGTGCAAA 

5581 + + »- : + + 5640 

ACGAAGACTACGTCTAAAGGCACTTTGTTTAGATAGATTACATTTAAATCAGCCACX3TTT 

b ASDADFRETN t#SNVNLVGAN- 

TTTGTGTTGTGCAAATCTACAC«CTGTAAATCTAATG<K3TTCAAA 

5641 + + + + . + + 5700 

AAACACAACACGTTTAGATGTGOGACATTTAGATTACCCAAGTTTGTACTGATTTCGTTT 

b LCCANLHAVNLMGSNMTKAN- 

CCTGACTCACGCAGACCTGACTTGCGCTAACATGTCCGGTGTAAACTTAACCGCTGCAAT 

5701 + + *" + + — + 5760 

GGACTGAGTGCGTCTGCACTGAACGCGATTGTACAGGCCACATTTGAATTGOOTACXSTTA 

b LTHADLTCANMSGVNLTAAI- 

TCTATTCGGCTCAGACTTAACTGACACCAAACTAAATGGTGCGAAATTAGATAAGATAGC 

5761 + + + + + + 5820 

AGATAAGCCGAGTCTGAATTGACTGTGGTTTGATTTACCACGCTTTAATCTATTCTATCG 

b LFGS DLTDTKLNGAKLD K I A — 
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Figure 3 cont. (x) 

TCTAACTTTAGCGAAAGC^TTAACACKJAGCCGATCTGACAGGTAGTCAACATACCCCTAC 

5821 + + + + + + 5880 

AGATTGAAATCGCTTTTCTAATTGTCCTOGGCTAGACTGTCCATCAGTTGTATGGGGATG 

LTLAKALTGADLTGSQHTPT- 

TCCACTCCCGGATTACAATGATAGAACTCTTTCCCCCCATCCGATATTTTAGTCGAGATA 

5681 + + + + + + 5940 

AGGTGAGGGCCTAATGTTACTATCTTGAGAAAGGGGGGTAGGCTATAAAATCAGCTCTAT 

BLPDYNDRTLSPHPIF* 

AAGGGATTTTATAAACAAGAAGTATTCAAACAGAGGCCCCCTTGTTTTATTAAATAAACC 

TTCCCTAAAATATTTGTTCTTCATAAGTTTGTCrrCTO 

CCGCCCCTAAGTTTCATTATAAATAACATTTTCAGOT 

GGCGGGGATTCAAAGTAATATTTATTGTAAAAGTCGCATAATGAACAACCGAAACAGACT 

ATCATAGTCTTATCTGTATGTGGCACATTAACTAAAAACACTATTATTGTTTAATTTAAA 

6061 + + + + + + 6120 

TAGTATCGCAATAGACATACACCGTGTAATTGATTTTTGTGATAATAACAAATTAAATTT 

TAATTCATAATTGTAGTCAGGAAATAAGAAGTTATGCTTCCGGTCACCTACAGATTAATA 

612 1 + + + + + + 6180 

ATTAAGTATTAACATCAGTCCTTTATTCTTCAATACGAAGGCCAGTGGATGTCTAATTAT 

PipA> MLPVTYRLI 

CCTCAAAGCGGAGTATCCAC^TATGGATTAAATACCGCAGATACACCTGTTTTCCCCGAT 

6181 + + 1- + + + 6240 

GGAGTTTCGCCTCATAGGTGTATACXrTAATTTATG^ 

PQSGVSTYGLNTADTPVFPD 

ATTCCCGAACATGCACCAAACCTCTCCATGCTACX3CCTTGCTCA 

6241 + + + + + + 6300 

TAAGGGCTTGTACGTGGTTTCKJGGAGGTACGATGCGGAAC 

IPEHAPNPSMLRLAHDSLAI 

AACAGTGAATTCCGTCTGGAGCCAGAGTGTGTGGTGGAGTACCTTATCTCAGGCGCGGGT 

6301 + + + + + + 6360 

TTGTCACTTAAGGCAGACCTCGGTCTCACACACCACCTCATGGAATAGAGTCCGCGCCCA 

NSEFRLEPECVVEYLISGAG 

GG AATAGACCCTGATACAGAAATTGATGACGACACTTATAACGAATGCTACX5ATGAACTA 

6361 + + + + + + 6420 

CCI7ATCTGGGACTATGTCTTTAACTACTGCTGTGA 

GIDPDTEIDDDTYNECYDEL 
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Figure 3 cont . (xi) 

TCCTCCGTACTTCAAAATGCGTATACCCAAAGCGAAACATTCCGCAGACTGATGAATTAC 

_ . 4.„ _x_„..- ™—4. 6480 

6421 + + + ' * + °*° U 

AGGAGG CATC AAGTTTTACGCATATGGGTTTTCCTTTGTAAGGCGTCTG ACT 

SSVLQNAYTQSETFRRLMNY 

GCATATGAAAAAGAACTACATGATGTGGAGCAGCGCTGGCTACTGGGGaCAGGCGAAGCC 

6481 „ + + + + + + 6540 

CGTATACTTTTTCTTGATGTACTACACCTCGTCGCGACCGATGACCCCCGTCCGCTTCGG 

AYEKELHDVEQRWLLGAGEA 

TTTGAAACTTCCGTGGCTCAGGAACACTTCAAACTTTCAGAAGGCAGGAAAGTTATTTGT 

6541 + + + + + + 6600 

AAACTTTGAAGGCACCGAGTCCTTGTGAAGTTTGAAAGTCTTCCGTCCTTTCAATAAACA 

FETSVAQEHFKLSEGRKVIC 

CTCAATCTGGACX5ATTCTGATGATTCATATACCGAACATTATGAAAGTAACGAAGGACCA 

6601 + + + + + + 6660 

GAGTTAGACCTGCTAAGACTACTAAGTATATGGCTTGTAATACTTTCATTGCTTCCTGGT 

LNLDDSDDSYTEHYESNEGP - 

CAACTTTTTGACACAAAACGTTCATTTATTCATGAAGTTGTACATGCACTGACCCATCTT 

6661 + + 4 ♦ * + 6720 

GTTGAAAAACTGTGTTTTGCAAGTAAATAAGTACTTCAACATGTACGTGACTGGGTAGAA 

QLFDTKRSFIHEVVHALTHL - 

CAGGATAAAGAAGAAAATCATCCJ^GAMCCCTGTTGTCXjAATATACCAACATTATTCTG 

6721 h + + + ► * 6780 

GTCCTATTTCTTCTTTTAGTAGGTTCTCCGGGACAACAGCTTATATGGTTGTAATAAGAC 

QDKEENHPRGPVVEYTNIIL - 

AAAGAGATGGGGCATCCTTCACCTCCCAGAATggccTACATCTTCAATAAATAGACACAT 

6781 + + + + ♦ + 6840 

TTTCTCTACCCCGTAGGAAGTGGAGGGTCTTAccggATGTAGAAGTTATTTATCTGTGTA 

KEMGHPSPPRMAYIFNK* 

CTTCAATAAATAGACACATCGGGAAACGAAAAGAAACTAAAGACTCGCGTAGTCCGTTTT- 

6841 + ♦ + + + + 6900 

GAAGTTATTTATCTGTGTAGCCCTTTGCTTTTCTTTGATTTCTGAGCGCATCAGGCAAAA 

TTCXK^AAATATTCTAACAGTATTTTCTAACTATATTCTATAGCGCCTAAAAAACAAAGG 

. ± 4. — - — + 6960 

6901 * + + + 



AAGCCCT1 

GGCTACCTTCGGTAACCCCTTGTTTAATCTGGCGGAAGCGCAGAGATTCGAACTCTGGAA 

6961 + * + «■ + + 7020 

COTATGGAAGCCATTGGGGAACAAATTAGACCGCCTTCGCX»TCTCTAAGCTTGAGACC?TT 
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Figure 3 cont. (xii) 



CCX5TTTCGGGTCGCCGGTTTTCAGACCGGTGCCTTCAACCGCTCGGCCACACTTCCGGAA 

7021 + + + + + + 7080 

GGCAAAGCCCAGCGGCCAAAAGTCTGGCCACXJGAAGTTGGCGAGCCGGTGTGAAGGCCTT 

TGAGGCGCACTATAAACATCCCGGTGCGTCATGTAAAGACCGAATGTGTTCGTTTGCGTG 

7081 + + + + + + 7140 

ACTCCGCGTGATATTTGTAGGGCCACGCAGTACATTTCTGGCTTACACAAGCAAACGCAC 

«-,Fig. 2 
aaaaacagJccaaaatttcgttaattgcctgaaatagcgg 

7141 -U + + 7179 

TTTTTGTCpGTTTTAAAGCAATTAACGGACTTTATCGCC 
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Figure 4 

Effect of mutations in genes of SPI-5 
on Salmonella- induced enteropathogenesis 

Figure 4a 
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Figure 4b 



Intestinal secretory response Intestinal inflammatory response 
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Figure 4c 

Intestinal secretory response Intestinal inflammatory response 




PDl SB2 PB2 PAl 2229 -ve 



PDl SB2 PB2 PAl 2229 -ve 
(pipDXsopB)(pipB)(pipA)(yrt)contTo\ (pipD)(sopB)(pipB)(pipA)(Wr) control 
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Figure 5 
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Figure 5 cont . (i) 
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Figure 5 cont. (ii) 
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Figure 6 

AGAACGACGACTAATGCTCATATAACCTCCTKn™ 

1 + + ♦ «■ + 60 

TCTTGCTGCTGATTACGAGTATATTGWAGGACAATAATCTATATCGACTTCTAATATAAA 

AATTTGTATTATGAAATGTCGGCTTCAATCACAATTTGAAATAGTTC 

61 ♦ + - ♦ ♦ ♦ ♦ 120 

TTAAACATAATACTTTACAGCCGAAGTTAGTX3TTAAACTTTAT 

GCCAACACGATAAAACCTTTTATTTTATAAATATT^ 

' 121 ---- + + ♦ ♦ ♦ 180 

CGGTTGTG CT ATTTTGG AAAAT AAAATATTTAT AAAATGT AAAAGACTTGTG CGTGT ACC 

ACTGTCATCGAATAATCAGCAGAATTACOVAACAACCCACTGTT 

181 -- ♦ ~+ ♦ ♦ + ♦ 240 

TGACAGTAGCTTATTAGTCGTCTTAATGGTTTGTTGGGTGACAATTAATA 

CAATTCCAATAACACGTAATAATATTTAAAAGAAAACGATTATTTCCTGAAA^ CGATTT 

24i ♦ ♦ + + + ♦ 300 

GTTAAGGTT ATTGTG CATTATTATAAATTTTCTTTTGCTAATAAAGGACTTTTCGCTAAA 

301 + ♦ ♦ ♦ ♦ 360 

GTGCGCGAAATGCGTCAAGAAAG AGTATG CG CGGCGTTG CAGGCGGCTG CT ATAGGGCTT 

TGCCGGTGAAAAACGCTGGTTGAGCATCGAAGCGGGTTTACTT^ 

361 ♦ + ♦ + + ♦ 420 

ACGGCCACTTTTTGCGACCAACTCGTAGCTTCGCCCAAAT^ 

TCGTTACCCGACCCGCTCCCTTATGCCTTGATTTTTCCGCAGATAC6TCAGCGTCCCACA 

421 + ♦ + + «■ ♦ 480 

AGCAATGGGCTGGGCGAGGGAATACGGAACTAAAAAGGCGTCTATGC^ 

ATACGGTGACATGATGACAGGATGGACACTTTCTGAA^ 

481 + + + — + + 540 

TATGCCACTGTACTACTGTCCTACCTGTGAAAGACTTTC^ 

GAATTGTGATCTCCATCGCCATACCGACATATGAAGCT^ 

541 + «■ ♦ + + 600 

CTTAACACTAGAGCTAGCGGTATGGCTGTATACTTCGA 

CAGACCGTTTTTTCATAATGATGTTGATAAGGAATTCT 

501 + + + + ♦ + 660 

GTCTGGCAAAAAAGTATTACTACAACTATTCCTTAAGATTACTTCTATAGTAGTCCGCGT 

a SopA> M K I S S G A 

ATTAATTTTTCTACTATTCCTAACCAGGTTAAAAAATTAATTA 

661 + ♦ + — ♦ ♦ + ^20 

TAATTAAAAAGATGATAAGGATTGGTCCAATTTTTTAATT 

a INFSTI PNQVKKLITSIREH 

ACGAAAAACXXXSCTTOCCTCAAAAATAACCAGTC^ 

721 ♦ ♦ ♦ + + + 780 

TG CTTTI TO CCCGAGCGG ACTTTTTATTGGTCACAATTTTTGTC 

a TKNGLAS K ITSVKNT HTS L N 
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Figure 6 cont. (i) 



GAAAAATTTAAAACAGGAAAGGACTCACCX5ATTGAGTTCGCGTTACCACAAAAAATAAAA 

781 «. + + + - + + 840 

CTITTTT AAATTTTGTCCTTTC CTG AGTGG CT AACTCAAGCG CAATGGTGTTTTTT ATTTT 

EKFKTGKDSPIEFALPQKIK 

GACTTCTTTCAGCCGAAAGATAAAAACACCTTAAACAAAACATO 

841 + + + ♦ ♦ ♦ 900 

CTGAAGAAAGTCGGCTTTCTATTTTTGTGGAATTTGTTTTGTAACTAATC 

DFFQPKDKNTLNKTLITVKN 

ATTAAAGATACAAATAATGCAGGCAAGAAAAATATTTC 

901 + ♦ ♦ + + 960 

TAATTTCTATGTTTATTACGTCCGTTCTTTTTATA 

I KDTNNAGKKNI SAEDVSKM 

AATGCAGCATTCATGCGTAAGCATATTGCAAATCAAACATGTG 

961 + ♦ - + «• + + 1020 

TTACGTCGTAAGTACGCATTCGTATAACGTTTAGT^ 

NAAFMRKHIANQTCDYNYRM 

ACAGGTGCGGCCCCGCTCCCCGGTGGAGTCTCTGTAT^ 

1021 - + + + + ♦ ♦ 1060 

TGTCCACGCCGGGGCGAGGGGCCACCTCAGAGACATAGTCGGTTATTGT 

T GAAPLPGGVSVSANNRPTV 

TCTGAAGGTAGAACACCACCAGTATCCCCCTCCCTCTCACTTCAGGCTACGTCTTCCCCG 
1081 ♦ +- + «■ + 1140 

SEGRTPPVSPSLSLQATSSP 

TCATCACCTGCCGACTGGGCTAAGAAACTCACAGATGCAGTTTTAC^ 

1141 + ♦ + + + 1200 

AGTAGTGGACGG CTG ACCCX^l'l Vri*lX^GTX3TCTACGTCAAAATGC"l VI Vri"i'CGG CCT 

SSPADWAKKLTDAV LRQKAG 

GAAACCCTTACGGCCGCAGATCGCGATTTTTCAAACX^ 

1201 ♦ — - ♦ — + + ♦ ♦ 1260 

CITTGGGAATGCCGGCGTCTAGCGCTAAAAAGTTTGCGTCT 

ETLTAADRDFSNADFRNITF 

AGCAAAAT ATTG CCCCCCAG CTTCATGGAGCGAG ACGG CGATATTATT AAGGGGTTCAAC 

1261 + --- + + -- --♦ ♦ + 1320 

TCGTTTTATAACGGGGGGTCGAAGTACCTCGCTC 

SKI LPPSFHEROGDI IKGFN 

TTTTCAAATTCAAAATTT ACTTATTCTG AT ATATCT C CG A 

1321 + + + - ♦ ♦ + 1380 

AAAAGTTT AAGTTTT AAATG AATAAGACTATAT AGAG T AAATG T AAAACTG CTT ACGG CT 

FSNSKFTYSDI SHLHFOECR 

TTCACTTATTCXACACTGAGTGATGTAGTCTGCAGTAATACGAAATT^ 

1381 + + + + + + 1440 

AAGTGAATAAGCTGTGACTCACTACATCAGACXSTCATTATGCTTTAA^ 

FTYSTLSDVVCSNTKFSNSD 
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Figure 6 cont . (ii) 



ATC1AATGAAGTGGTTTTACAGTATTCAATTACT 

1441 ♦ + ♦ ♦ + 1500 

TACTTACTTCACCAAAATGTC^TAAGTTAATGAT G TGTT G TTGTC^ 

MNEVVLQYSITTQQQPSFIH 

ACAACATTAAAAAATACGCTTATAOSTCACAAAGCCAACCT 

150 i ♦ ♦ «. + «. + 1560 

TGTTGTAATTTTTTATG CG AATATGCAGTGTTTCGGTTGG AGAG ACCGCAATAAAATTTA 

TTLKNTLI RHKANLSGVI L N 

G AACCGCATAATTCATCACCTCCGTCAGTGTCAGGGGG CGG AAATTTT ATTCGT CT AGG T 

1S61 + ♦ ♦ + ♦ + 1620 

CTTGGCGTATTAAGTAGTGGAGGCAGTCACAGTCCCC 

EPHNSSPPSVSGGGNFIRLG 

GATATCTGGCTGCAAATGCCACTCCTTTGGACTC 

1621 -- + ♦ - ♦ ♦ ♦ ♦ 1680 

CTATAGACCGACGTTTACGGTGAGGAAACCTGACTCTTGCGACACCTACCT 

DIWLQMPLLWTENAVDGFLN 

CATGAGCACAATAATGGTAAAAGTATTCTGATGACCATTGACAGCCTC 

1681 ♦ + ♦ ♦ + 1740 

G TACTCX3TGTTATT ACCATTTTCAT AAG ACTACTGGT 

HEKNNGKSI LMTID SLPDKY 

AGTCAGGAAAAAGTCCAGGCAATGGAAGACCTGGTTAAGTCA^ 

1741 + + «• — + + + 1800 

TCAGTCCTTTTTCAGGTCCGTTACCTTCTGGACCAATTCAGT^ 

SQEKVQAMEDLVKSLRGGRL 

AC^GAGGCATGTATCCGGCCAGTTGAAAGTTCGCTGGTAAGCGTA 

1801 + + + ♦ ♦ 1860 

TGTCTXXXnACATAGGCCGGTCAACTTTCAA 

TEACIRPVESSLVSVLAHPP 

1861 + + + ♦ + + 1920 

ATATGCGTTTCACGCGAATAGGCGCTCACCGAGCCOC3GACAAG 

YTQSALIREWLGPVQERFFA 

CACCAGTGCCAGACCTATAATGAaTTTCCCC^ 

1921 + -+ ♦ «- + ♦ 1980 

GTGGTCACGGTCTGGATATTACTGCAAGGGGACGGCTGAGGA 

HQCQTYNDVPLP TPDTYYQQ 

CG<^TACTGCCAGTGTTGCTGGATTCGTTTGACAGGAA 

1981 ♦ - + + ♦ + 2040 

GCGTATGACGGTCACAACGACCTAAGCAAACTGTCCTTGTCGCGGCGOTACTGG^ 

RILPVLLDSFDRNSAAMTTH 

AGCGGACTCTTTAATCAGGTGATTTTACACTGTATGACA 

2041 + + * ♦ ♦ 4 2100 

TCGCCTGAGAAATTAGTCCACTAAAATGTGACATACTGTCOSCACCTGACGTC 

SGLFNQV I LHCMTGVDCTDG 



23/27 

SUBSTITUTE SHEET (RULE 26) 



WO 99/45120 



PCT/GB99/00675 



Figure 6 cont . (iii) 



ACCCGCCAGAAAGCTCCAGCX3CTrTATGAACAGTATCTTGCT 

2101 + «• — •> ♦ ♦ + 2160 

TGGGCGGTCTITCGACGTCGCGAAATACTTGTCATAGAA 

TRQKAAALYEQYLAH PAVS P 

CACATCCATAATGGGCTCTTOGGCAATTATG ACGGCAGCTCGG ACT CGCT 

2161 ---- ♦ - + ♦ ♦ + 2220 

GTGTAGGTATTACCCGAGAAGCCGTTAATACTGCCGTCGAGCC^ 

HIHNGLFGNYDGSSDWTTRA 

GCAGATAATTTCCTGCTG CTTTCCTCCCAAG ATTCAGACACGGC<3 ATG ATGCTCTCCACT 

2221 + ♦ + + + + 2280 

CGTCTATTAAAGGACGACGAAAGGAGGGTTCTAAGTC^ 

ADNFLLLSSQDSDTAMMLST 

GACACGCTGTTAACAATGCTAAACCCTACTCCTGACAC^ 

2281 + + + + + + 2340 

CTGTG CGACAATTGTTACGATTTGGGATGAGGACTGTGACXr^ 

DTLLTMLNPTPDTAWDNFYL 

CAGCXSAGCCGGAGAGAACGTTTCCACCGCCCAAATCT 

2341 •»- + + ♦ + — + 2400 

GTCGCTCGG CCTCTCTTG CAAAGGTGG CG CGTTTAGAGAGG C CATCTCAATAAGG CAGTA 

QRAGENVSTAQI SPVELFRH 

GACTTTCCGGTGTTTCTCGCCGCATTTAATCAGC^^ 

2401 + + + + + + 2460 

CTGAAAGGCCACAAAGAGCGGC<5TAAATTAGTCGTCCG<3TGCGTCG 

DFPVFLAAFNQ QATQRRFGE 

CTGATTGATATCATCCTCAGCACTGAAGAGCACGGGGAGCTGAACC^ 

2461 -«- ♦ ♦ + + + 2520 

GACTAACTATAGTAGGAGTCGTGACTTCTCGTGCCCCTCGACTTGGTCGTCAAA^ 

L1DI ILSTEEHGELiNQQFLA 

GCCACGAACX1AGAAACATTCCACCGTGAAGTTGATTGATGATGCCT 

2521 ♦ + + + +- ♦ 2580 

CGGTGCTTGGTCl'l 'IX^l'AAGGTGG CACTTCAACTAACTACTACXX5AGTCACAGCGCAGAC 

ATNQKHSTVKLIDDASVSRL 

G<XACCATTTTTGACCCCTTGCT^ 

2581 + ♦ ♦ + + 2640 

CGGTGGTAAAAACTGGGGAACGAAGGACITCCGTTTGAGTC^ 

ATIFDPLLPEGKLS PAHYQH 

ATCCTCAGTGCTTATCACCTGACGGACGCCACCCCACAGAAGCAG^ 

2641 + ♦ + + 2700 

TAGGAGTCACGAATAGTGGACTGCXTGCCGTGGGGTGTCTTCGTCC^ 

ILSAYHLTDATPQKQAETLF 

TGTCTCAGTACCGCATTCGCACGCTATTCCTCCAGCGCCATTTTCGGCACTGAGCATC 

2701 + + ♦ ♦ ♦ + 2760 

ACAGAGTCATGGCGTAAGCGTGCGATAAGGAGGTCGCGGTAAAAGCCGTGACTCGTACTG 

CL STAFARYSSSAI FGTEHD 
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Figure 6 cont . (iv) 



TCTCCGCCCGCCCTGAGAGGCTATGCCXSAGGCGC^^ 

2761 -- ♦ + ♦ 2820 

AGAGGCXXX3CG<X;ACTCTCCGATACGCCTCCCCGACTACX»T^ 

SPPALRGYAEALMQKAWELS 

CCGGCGATATTCCCGACCAGCXSAACAGTTTACCGACT^ 

2821 + + + * ♦ " + 2880 

GGCCGCTATAAGGGCTGGTOGCTTGTCAAATGGCTGACCAGGCTGGCAAAAGTGCCX^ 

PAIFPTSEQFTDWSDRFHGL 

CATGG CG CCTTT ACCTGTACCTG CGTTGTGG CGG AT AGT ATG CAACGTCATG CCAG AAAA 

2881 + + + + * * 2940 

GTACCGCGGAAATCGACATGGACGCAACACCGCCTATCATACGTTGCAGTACG^ 

HGAFTCTCVVADSMQRHARK 



TATTTCCCGAGTGTTCTGTCATCXIATCCTGCCACTGTCCTG 

2941 + + ♦ * 3000 

ATAAAGGGCTCACAAGACAGTAGGTAGGACGGTGACAGGACCCCC^ 

YFPSVLSSILPLSWA* 

CCGCATGGAGTTAAGGGACAC^GCGTTCTGTCCCTCTGT 

3001 ---- + + + — " — + ♦ 3060 

GG CXJT ACCTCAATTCCCTGTGTCGCAACACAGGGAGACATTTATC^ 



TGCA TTiTi I CAGATCCCGGCCAGATTGACCCTGGCCTAAATTCCATACAGTACTAAATC 

+ + + -f + 

ACGTAAAAAACTCTAGGGCCGGTCTAACTGGGACCGGATTTAAGGTATC 



AGAATCAGTAATTTCAGATGGGCCGGAATATGGTTTACCATAGAGGGAGCGTAGCT^ 

+ + + + + + 

TCTTAGTCATTAAAGTCTACCCGGCCTTATACCA 



GTCGCTGATGATCATTTTAGTATTTTGTACTCA^ 

+ + + + 4- + 

CAGCGACTACTAGTAAAATCATAAAACATGAGTTACTAAAATTACAAATACATC 



TCGCATGTACGAACATTAGCAACAATATCAAra 

+ + + 4. + ♦ 

AGCX5TACATGCTTGTAATOGTTGTTATAGTTAACCACATGTTTATGTT 



AAAAT AAAAGAATAAAATATTTCATATACAGAT AACATCAGG C<nXJT ACATCAAGTGACA 

+ 4. 4 4. 4- + 

TTTTATTTT CTT ATTTTATAAAGTAT ATGTCT ATTGT AGT CCG CACATGTAGTTCACTGT 



GTTAAAAACGACAGCATACAGAGCACATTCCTCTTCCAC^ 

+ 4 4- 4 ♦ + 

CAATTTTTCCTCTCCTATCTCTCG 
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Figure 7 



Secretory response 
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Figure 7 cont . 



Inflammatory response 
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